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CAR, A NOVEL COXSACKIEVIRUS AND ADENOVIRUS RECEPTOR 

Background of the Invention 

Adenoviruses and coxsackieviruses are common human pathogens. 
5 Adenoviruses, non-enveloped DN A viruses, are a major cause of respiratory and 

gastrointestinal infections (Horwitz, In Virology, 3rd edition: 2149-2171 1996), as well 
as infections of the heart (Martin et al., Circulation, 90: 330-339 1994). In addition to 
their importance as disease agents, adenoviruses have been adapted for use as vectors for 
vaccination and gene therapy (Kremer and Perricaudet, British Medical Bulletin, 51:31- 

10 44, 1995). Coxsackie B viruses, non-enveloped RNA viruses belonging to the 
picomavirus family, cause non-specific febrile illnesses and meningoencephalitis 
(Melnick, In Virology, 3rd edition: 655-712, 1996), and are the viruses most frequently 
identified in acute infections of the heart (Grist and Reid, In Viral Infection of the Heart, 
23-31, 1993; Savoia and Oxman, In Principles and Practice of Infectious Diseases, 4th 

15 edition, 799-813, 1995). Coxsackie B viruses are also implicated in acute pancreatitis 
(Imrie et al., Gut, 18: 53-56, 1977) and as triggering-agents in childhood-onset diabetes 
(Yoon et al., New England Journal of Medicine, 300: 1 173-1 179, 1979; Clements et al., 
Lancet, 346: 221-223, 1995). 

Viruses initiate infection by attaching to cell surface receptors, and tissue- 

20 specific expression of receptor molecules is an important determinant of virus tropism. 
Adenovirus attachment to cells is mediated by elongated fibers projecting from each of 
the 12 vertices of the icosahedral viral capsid. Isolated soluble fibers bind cells with 
high affinity, and block virus attachment and infection, demonstrating that fiber 
attachment to a cell surface receptor is a critical event in infection (Philipson et al., J. 

25 Virology, 49: 635-640, 1968; Defer et al., J. Virology, 64: 3661-3673, 1990; Wickham et 
al., Cell, 73 : 309-3 1 9, 1 993). Human adenoviruses are grouped on the basis of their 
ability to agglutinate erythrocytes. Competition experiments suggest that adenoviruses 2 
and 5 (members of agglutination group C) share a common cellular receptor (Philipson 
et al., J Virology, 49: 635-640, 1968; Defer et al., J Virology, 64: 3661-3673, 1990), 

30 distinct from the receptor used by group B viruses such as adenovirus 3 (Defer et al., J. 
Virology, 64: 3661-3673, 1990; Stevenson et al., J. Virology, 69: 2850-2857, 1995) or 
35. Although a number of cellular proteins associate with adenovirus on affinity 
columns (Hennache and Boulanger, Biochemical Journal, 166: 237-247, 1977; Svensson 
et al., J Virology, 38: 70-81, 1981) or in virus overlay blot assays (Defer et al., J. 

35 Virology, 64: 3661-3673, 1990), the cellular molecules responsible for fiber-mediated 
adenovirus attachment have not been identified. 
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Twenty years ago, it was demonstrated that adenovirus 2 or its fibers compete 
with coxsackieviruses forace.1 surface attachment site, 

viruses share a receptor protein (Lonberg-Holm et al., Nature, 259: 679-68 1 , 976)^ 
More recently, coxsackie B viruses have been shown to interact with at least two cell- 

5 surfaceproteinsCReaganetal.,.. Virology, 49: 635-640, 1984). Decay acceleratmg 
factor (DAF, CD55) serves as an attachment receptor for some coxsackie B » « 
(Bergelsonetal.,./. Virology, 69: 1903-1906, 1995; Shaften et al., J. Vtrology, 69^13- 
3877 1995) Expression of human DAF on rodent cells permits these strams to bind, 
but not to replicate, suggesting that additional factors may be required for infection. 

, n A second 45-50 kD putative receptor molecule forms a detergent-stable complex 

10 ^co^virusesB3an P dB4(Mapolesetal.,, Virology, 55: 560-566, 1985; Hsu et 
a.., In Ne* Aspects of Positive-Strand RNA Viruses, 271-277, 1990). A monoclonal 
an ibody raised against this complex is reported to protect cells from infection by aU six 
coxsackie B serotypes (Hsu et al., J. Virology, 62: 1 647-1 652, 1 988), — tw,^e 

1 5 observation that all six serotypes compete for a single cel. surface receptor (Crowell and 
Tomko,7/J Cellular Receptors for Animal Viruses, 75-99, 1994). 

Summary of the Invention 

This invention pertains to isolated nucleic acid molecules (e.g., cDNAs) 
comprising a nucleotide sequence encoding a coxsackievirus and f^^^ 
protein, CAR, as well as nucleic acid fragments suitable as hybridization probes for the 
detection of CAR encoding nucleic acid (e.g, mRNA). Another aspect of the uwenuon 
pertains to isolated or purified CAR protein and biologically active fragments thereof. 
Still yet another aspect of the invention pertains to recombinant expression vectors 
containing the nucleic acid molecules of the invention and host cells into winch such 
recombinant expression vectors have been introduced. In one embodiment, such a host 
cell is used to produce CAR protein by culturing the host cell in a suitable medium- If 
desired, CAR protein can be then isolated from the medium or the host cell. Another 
aspect of the invention pertains to modulation of the activity of CAR in the treatment of 
infection. In one embodiment, an antisense nucleic acid molecule is used to down- 
regulate CAR expression. In another embodiment, an antibody raised agamst the CAR 
protein is used to block CAR expression. Yet another aspect of the invention pertams to 
enhancing transduction, in particular adenovirus, by initiating or increasing CAR 
expression in a host cell. 
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Brief Description of the Drawing 
Figure 1. CAR amino acid sequence. 

A. Sequences of tryptic peptides. CAR protein purified by affinity chromatography using MAb 
RmcB was digested with trypsin, and the sequences of individual peptides were determined by 

5 CAD mass spectroscopy. Q/K and I/L have identical masses and cannot be distinguished. 

B. Predicted CAR amino acid sequence. The predicted hydrophobic leader and transmembrane 
domains are in bold print. Amino acids experimentally determined by peptide sequencing are 
underlined. Potential sites for N-linked glycosylation are marked with an asterisk. Tyrosine 255 

1 0 (KRREEKY) is a potential site for phosphorylation. 

C. Alignment of the CAR amino acid sequence with sequences of immunoglobulin gene 
family members. Residues identical to CAR are shaded. Where at least half of the 
aligned sequences share a residue with CAR, residues are boxed. Domain 1 : CTX 

15 (xenopus thymocyte protein, gi 1335866); B7-2 (murine CD86, sp P42082); VCAM-1 
(murine, sp P29533); CONTAC (human contactin, gb U07820); TCRg (bovine T cell 
receptor gamma subunit, gi 21 75290; TCRa (murine T-cell receptor alpha chain V 
region, pir 24402); IgV (African clawed frog Ig heavy chain V region, pir S22558). 
Domain 2: HSPG (2, 9) (murine heparan sulfate proteoglycan core protein Ig-like 

20 domains 2 and 9, sp Q05793); PECAM (human CD31, pir JL0142); VCAM-1 (human, 
spP19320). 

Figure 2. Expression of CAR protein on transfected CHO cells 

A. Immunofluorescence. CHO cells transfected with CAR (CHO-CAR), control CHO 
25 cells transfected with the integrin a2 subunit (CHO-al 2), and HeLa cells were incubated 

with MAb RmcB or the control myeloma protein MOPC 1 95 for one hour on ice, then 
cells were washed and incubated with fluorescein isothiocyanate-conjugated goat anti- 
mouse immunoglobulin and analyzed by flow cytometry. RmcB staining is shown with 
the thicker line in each panel. 

30 

B. Immunoprecipitation. HeLa cells, CHO-CAR cells, or control CHO-alpha 2 cells 
were iodinated, extracted in buffer containing 1% Triton X-100, and 
immunoprecipitation was performed with the control antibody MOPC 195 (M) or MAb 
RmcB (R) bound to protein G-Sepharose beads. Immunoprecipitated proteins were 

35 analyzed in 10% SDS-polyacrylamide gels under reducing conditions. Molecular 
weights of marker proteins are indicated in kD. 
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Figure 3. Coxsackie B virus interaction with CAR on transfected CHO cells. 

A Virus attachment. CHO-CAR or CHO-alpha 2 monolayers were incubated with 
MAb RmcB or with the control myeloma protein MOPC 195 for 1 hour at room 
temperature, then rinsed and incubated for 4 hours with "S-labeled cox^ckievirus B3 
or coxsackievirus B4 (20,000 cpm). Monolayers were then washed and dissolved, and 
cell-bound radioactivity was measured in a scintillation counter. The figure shows mean 
virus bound (counts per minute) ±SD for triplicate monolayers. 
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B Virus infection. CHO-CAR or CHO-alpha 2 monolayers were incubated for 1 hr at 
room temperature with coxsackievirus B3 (1 PFU/cell) or coxsackievirus B4 (4 
PFU/cell), then monolayers were washed to remove unbound virus and incubated at 
37°C for 1 hr (0 days), 1 day, or 2 days. Monolayers were frozen and thawed to release 
virus, and plaque assays were performed. The figure shows the mean virus titer for 
triplicate cultures. 

Figure 4. Attachment of adenovirus and adenovirus fibers to CAR. 

A Adenovirus 2 and 35. CHO-CAR, CHO-alpha 2, and HeLa monolayers were 
incubated with 35 S -labeled adenoviruses (20,000 cpm) for 1 hour at room temperature, 
then monolayers were washed to remove unbound virus and dissolved for scintillation 
20 counting. 

B Adenovirus 2 fibers. CHO-CAR, CHO-alpha 2, and HeLa monolayers were 
incubated with 35 S -labeled adenovirus fibers (15,000 cpm) for 90 min at room 
temperature, then monolayers were washed and dissolved for scintillation counting. 

25 C Inhibition by adenovirus 5 knob domains. CHO-CAR or HeLa monolayers were 
incubated with recombinant knob domains before addition of radiolabeled viruses. 

Each panel shows mean virus or fiber bound (counts per minute) ±SD for triplicate 
30 monolayers. 

Figure 5. Adenovirus-mediated gene transfer to CAR-transfected CHO cells 

A In situ staining with X-gal. CHO-CAR and CHO alpha-2 cells in 24 well plates 
were exposed to Ad.CMV-Pgal at different multiplicities of infection for 1 hr at room 
35 temperature, then unbound virus was removed and cells were incubated for 40 hr at 
370C. Cells were fixed with 2% paraformaldehyde and p-galactosidase activity was 
determined by incubation with X-gal. 
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B. p-galactosidase activity in cell lysates. CHO-CAR, CHO alpha-2 and HeLa cells in 
24 well plates were exposed to Ad5.CMV-PgaI at different multiplicities of infection for 
1 hr at room temperature, then unbound virus was removed and cells were incubated for 
5 40 hr at 37°C. Cells were lysed and P-galactosidase activity was measured in a kinetic 
assay. Results are shown as the V max in mOD/min ±SD for triplicate lysates. 

Figure 6, RNA blot analysis of CAR expression in human tissues 
A multiple tissue Northern blot (Clontech) containing 2 meg of poly A + RNA from each 
10 of the indicated tissues was probed with the complete coding region of CAR RNA. 

Positions of marker RNAs are indicated in kilobases. Hybridization with a human actin 
probe confirmed the presence of equivalent amounts of RNA in each lane. 

Figure 7. Murine and human CAR amino acid sequences 

1 5 The human CAR sequence (h), the sequence of a murine homologue (clone ml), and a 
murine homologue with an altered C-terminus (clone m2) are shown). Predicted 
hydrophobic leader [determined as in Nielson, H„ J. Engelbrecht, S. Bnmak, and G. v. 
Heijne, 1997, Indetification of prokaryotic and eukaryotic signl peptides and predicition 
of their cleavage sites, Protein engineering, 10: 1-6] and transmembrane domains are 

20 underlined. Potential sites for N-linked glycosylation are marked with an asterisk. 

Figure 8. Expression of mCAR on transfected CHO cells 

Control CHO cells transfected with the human integrin a2 subunit (CHO-aI2) or CHO 
cells transfected with mCAR cDNA (clone m2, CHO-mCAR) were incubated first with 
25 normal rat serum (dotted line) or with serum from rats immunized with the 46kD mouse 
brain receptor (solid line), then with FITC-conjugated goat antibody to rat 
immunoglobulin. Results with clone m2 are shown; similar results were obtained with 
clone ml. 

30 Figure 9. Coxsackie B virus attachment to mCAR on transfected CHO cells 

Confluent monolayers of CHO-mCAR or control CHO-al2 cells were incubated with 
radiolabeled CB3 or CB4 (29,000 cpm) for 4 hr at room temperature, then washed and 
dissolved for scintillation counting. Results with clone m2 are shown; similar results 
were obtained with clone ml . Some monolayers are preincubated with recombinants 
35 adenovirus 5 knob domains (0.7 before exposure to radiolabeled virus. Mean virus 
bound (cpm + 1SD) is shown for triplicate samples. 
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Figure 10. Coxsackievirus production by transfected CHO cells 

CHO-mCAR and CHO-al2 monolayers were exposed to CB3 or ^ 37°^ for 1 hr 
1 hr at room temperature, then monolayers were washed and mcubated at 37 C for 1 hr 
(0 days), 1 day, or 2 days. Monolayers were frozen and thawed to release virus, tiien 
p,aque assays were performed. The figure shows the mean virus titer for tnphcate 
cultures. 

Figure 11. Adenovirus-mediated gene transfer 

Duplicate monolayers of CHO-al2, CHO-mCAR, or CHO cells transfected w,th human 
CAR cDNA (CHO-hCAR) were exposed to Ad.CMV-(Jgal for one hour at room 
temperature, then monolayers were washed. After incubation at 37°C for 40 hrs, p- 
galactosidase activity was detected by in situ staining with X-gal. Some monolayers 
were incubated with 1.5 ug of purified adenovirus 2 fibers before exposure 
Results with clone m2 are shown; similar results were obtained with clone ml. 
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Figure 12. CAR mRNA expression in human and murine tissues 

Multiple tissue Northern blots (Clontech) containing 2 meg of poly A+RNA from each 
of the indicated tissues were probed with human and murine CAR cDNA as desenbed m 
Materials and Methods. Positions of marker RNAs are indicated in kilobases. 
20 Hybridization with a human actin probe confirmed the presence of equivalent amounts 
of RNA in each lane. 

Figure 13. Human DNA CAR Sequence 

Human DNA CAR sequence is shown with the coding region highhghted. 

Figure 14. DNA Mouse CAR, DNA Human CAR, and Protein Alignment 

Alignment of DNA Mouse CAR DNA Human CAR and Protein. 

Detailed Description of t he Invention 

The present invention is based on the discovery of novel molecules which serve 
as an attachment receptor for coxsackie B viruses and adenoviruses and is referred to 
herein as CAR nucleic acid (For example, the human CAR DNA sequence as shown m 
FIG 13) and protein molecules (For example, the alignment of human CAR DNA, 
mouse CAR DNA, and protein as shown in FIG. 14). The coxsackie B and adenovirus 
receptor (CAR) is a novel transmembrane protein with a distinctive pattern of expression 
in human tissues. The relatively large cytoplasmic domain suggests the potential for 
interaction with other intracellular proteins. 
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CAR as a coxsackievirus receptor 

Expression of CAR protein on CHO cells renders them susceptible to infection 
by coxsackieviruses B3 and B4, confirming that this protein is a functional receptor. 
5 MAb RmcB prevents virus attachment to CAR. This antibody was previously shown to 
protect cells from infection by prototype strains of all six coxsackie B serotypes (Hsu, 
K.-H. L., Lonberg-Holm, K., Alstein, B. and Crowell, R. L. (1988). A monoclonal 
antibody specific for the cellular receptor for the group B coxsackieviruses. J. Virol. 62, 
1647-1652), consistent with the observation that all six serotypes compete for a common 

1 0 cell surface attachment site (Crowell, R. L. and Tomko, R. P. (1 994). Receptors for 
picornaviruses. In Cellular Receptors for Animal Viruses, E. Wimmer, ed. (Plainview, 
New York: Cold Spring Harbor Laboratory Press), pp. 75-99). It is likely that CAR is 
the major receptor for all coxsackie B viruses. 

Some strains of coxsackie B 1 , B3 and B5 have gained the capacity to bind to an 

1 5 additional receptor, the complement regulatory protein decay accelerating factor (DAF) 
(Bergelson, J. M., Mohanty, J. G., Crowell, R. L., St. John, N. F., Lublin, D. M. and 
Finberg, R. W, (1995). Coxsackievirus B3 adapted to growth in RD cells binds to decay- 
accelerating factor (CD55). J. Virology 69 y 1 903-1 906; Shafren, D. R., Bates, R. C, 
Agrez, M. V., Herd, R. L., Bums, G. F. and Barry, R. D. (1995). Coxsackieviruses Bl, 

20 B3, and B5 use decay accelerating factor as a receptor for cell attachment. J. Virology 
69 y 3873-3877). The coxsackie B3 strain used in these experiments does not bind to 
DAF. CB3-RD (Reagan, K. J., Goldberg, B. and Crowell, R. L. (1984). Altered receptor 
specificity of coxsackie B3 after growth in rhabdomyosarcoma cells. J. Virology 49, 
635-640), a coxsackie B3 variant known to bind DAF (Bergelson et al., 1995), also 

25 binds to CHO cells expressing CAR, confirming that this virus strain interacts with two 
receptors. Interestingly, virus attachment to CHO-CAR transfectants leads to productive 
infection, but attachment to CHO-DAF transfectants does not. It is possible that DAF 
functions in virus attachment for some strains, but that subsequent events, such as virus 
internalization, and the initiation of virus uncoating, depend on interaction with CAR 

30 The recently determined three dimensional structure of coxsackievirus B3 is remarkable 
for the presence of two distinct surface depressions, which have been proposed to be the 
attachment sites for two cellular receptors (Muckelbauer, J. K., Kremer, M, Minor, I., 
Diana, G., Dutko, F. J., Groarke, J., Pevear, D. G. and Rossmann, M. G. (1995). The 
structure of coxsackievirus B3 at 3.5 A resolution. Structure 3, 653-667). A canyon 

35 surrounding the icosahedral five-fold axis of symmetry may be the site where CAR 

attaches. The rhinovirus receptor, ICAM-1, like CAR a member of the immunoglobulin 
gene supcrfamily, binds to a similar canyon on the rhinovirus surface (Olson, N. H., 
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Kolatkar P R., Oliveria, M. A., Cheng, R. H, Grave, J- M., Mcdelland, A Bakt* T. 
S »d RoLnn, M. Q. (.993). Strucntre of a human rhinovirus complexed wtth . 
receptor molecule. Pioc. Natl. Acad. Sci. USA 90, 507-511). 

a a survey of human toes, CAR mRNA was most highly expressed . 

where toy are the vinrses most frequently implicated in acute vral "i"^™ 1 
where they are tn my ocardiopathy. Prog. Med. 

£ N R al Raid, D. (1,93). Epidemiology of viral infecrions of ^ - « 
u t Ranntvala. ed (London: Edward Arnold), pp. 23-31). In a 

^ST,SL and World Health Organization surveillance indicates that 
^ofcoxaaclciaBinfactiona^aasociaredwimc^di^^^ 
rrLandReid 1993)1 Although the relationship is controversial, coxsacktevmta 

«Lon, A. 3. and Eglin, R. P. (1988). The ~ *"-?7^ A , 
Le hy in air* hybridization. 3. Gen. Virol. 69 285-29 ; 
Emtliah, T A H„ Nicholson, P., Signy, M. and Banatvala, 3. E. (1989). Chrome 
reCgp^ius and dilate, cardiomyopanty: ^^^^ 
20 entemvinl infecrion Lancet f, 804-807; )in, O, Sole, M. )., BuUuay, 3. W, W. K, 
Mclaughlin P R., Liu, P. and Liew, C.-C. (1990). Deteerion of enterewrrus RNA m 
" "biopsies from patients wirh myocarditis and cardiomyopauny ostng ^ 

K., Mertsching, H., Canu, A., Hohenadl, C, UU R, «—» £• 
25 McManus, B. M., Fonlis, A. K., Schnldteisa, H. P., Erdmann, E. and Rtekar, G (1991). 
Molecular studies on enrerovira, hear, disease: patterns of acute 
infects. Eur. Heart. 3. SO * 49-55; Schwatgc, A., Urn auft 
Larcher C Lyons, 3., Muhlberger, V„ Dictze, O. and Grunewald, K. (1993) DeKcnon 
o^n I ic acid in myocardial biopsies from patients wirh i^dhrc d M 
30 Imomyoparny by polymer chain reaction. Am. Hear, I «M*4«9 , an ...ness 
leading to 9,000 deaths in the U.S. each year (Grist and tod, 1993). 

High levels of CAR expression were also seen in the bratn and pancreas, and 
CAR cDNA has bean isolared from brain and pancreatic is* ceU libraries tW 
nervous system infection by coxsackieviruses is common (Melntck, 3. L. (1996)c 
35 PolioviruL, coxsackieviruses, echovinrses, and newer enteroviruses. In Vtrology. R N. 
Fields D M. Knipc and P. M. Howley, eds. (Philadelphia: Lippmcon-Raven) 3rd 
edition pp. 655-712), and abnormalities of pancreatic funcuon are reported to ba 
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frequent in children infected by coxsackie B (Nakao, T., Nitta, T., Miura, R., Ogata, K., 
Kume, T., Nobuta, K. and Hinuma, Y. (1964). Clinical and epidemiological studies on 
an outbreak of aseptic meningitis caused by coxsackie B5 and A9 viruses in Aomori in 
1961 . Tohoku Journal of Experimental Medicine 83, 94-102). In addition, coxsackie B 
5 virus infection of the pancreas has been proposed to be a trigger for childhood onset 
diabetes mellitus (Yoon, J. W., Austin, M., Onodera, T. and Notkins, A. L. (1979). 
Virus-induced diabetes mellitus. Isolation of a virus from the pancreas of a child with 
diabetic ketoacidosis. New England Journal of Medicine 300, 1 173-79; Clements, G. B„ 
Galbraith, D. N. and Taylor, K. W. (1995). Coxsackie B virus infection and onset of 
10 childhood diabetes. Lancet 346, 221-223). The correspondence between the tissue- 
specific expression of CAR mRNA and the major clinical syndromes caused by 
coxsackie B viruses suggests that CAR is an important determinant of virus tropism in 
vivo. 

1 5 CAR as an adenovirus receptor 

Adenovirus enters cells by receptor-mediated endocytosis (Pastan, L, Seth, P., 
FitzGerald, D. and Willingham, M. (1987). Adenovirus entry into cells: some new 
observations on an old problem. In Concepts in Viral Pathogenesis, A. Notkins and M. 
Oldstone, eds. (New York: Springer-Verlag), pp. 141-146), and within the endosomal 

20 compartment is disassembled in a stepwise process that results in release of viral DNA 
(Greber, U. F., Willetts, M., Webster, P. and Helenius, A. (1993). Stepwise dismantling 
of adenovirus 2 during entry into cells. Cell 75, 477-486). Despite considerable interest 
in the early events in adenovirus infection, and several efforts to isolate proteins with 
affinity for virus (Meager, A., Butters, T. D., Mautner, V. and Hughes, R. C. (1976). 

25 Interaction of KB cell glycoproteins with an adenovirus capsid protein. Eur. J. Biochem. 
61, 345-353; Hennache, B. and Boulanger, P. (1977). Biochemical study of KB-cell 
receptor for adenovirus. Biochemical Journal 166, 237-247; Svensson, U., Persson, R. 
and Everitt, E. (1981). Virus-receptor interaction in an adenovirus system. I. 
Identification of virion attachment proteins of the HeLa cell plasma membrane. J. 

30 Virology 38, 70-8 1 ), the cell surface molecule responsible for virus attachment had not 
been identified previously. The experiments described here demonstrate that adenovirus 
binds to the same protein, CAR, that functions as a receptor for coxsackie B viruses. 

Adenovirus attachment to most cell types is mediated by 186 kD fiber structures 
projecting from the virus capsid (Philipson, L., Lonberg-Holm, K. and Pettersson, U. 

35 (1 968). Virus-receptor interaction in an adenovirus system. J. Virology 2, 1064-1075). 
A globular knob at the tip of each fiber binds directly to the cellular receptor (Henry, L. 
J., Xia, D., Wilke, M. E., Deisenhofer, J. and Gerard, R. D. (1994). Characterization of 
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the knob detain of the adenovirus type 5 fiber protein expressed* ^ 
Virology 68, 5239-5246; Louis, N., Fender, P., Barge, A., Kms, P and Chrobo-M. 
( 1 994) Cell-binding domains of the adenovirus serotype 2 ^^* 4 ™L 
4106; Stevenson, S. C, Rollence, M., White, B, Weaver, L. and McClelland, A 995 ^ 
5 Hum n adenovirus serotypes 3 and 5 bind to two different cellular receptors via th fiber 
h:ddoma i ,J.Virolo g yoP,2 8 50-2857). Isolated fibers as well as intact ™-b«d 
specifically to CHO cells expressing CAR protein, and virus attachment to ^CHO-CAR 
cells was prevented by isolated knob domains. From it,crystal structure (Xta, D, 
Henry, L ., Gerard, R. D. and Deisenhofer, , (1994). Crystal s*ucture of the receptor- 
,0 «ng domain of adenovin, type 5 fiber protein at 1, A resolution. Struct** =2 1259- 
1270), the knob is a trimer, with three identical domams arranged as .trefoil. A deep 
central depression and three radiating valleys are located at the three-fold ax* of 

mrnej facing away from the virus surface. This depression is 
which virus attaches to CAR. Adenovirus types 2 and 5, both of winch bind CAR, show 
15 considerable sequence variation on the knob surface, but the rescues hmng the 
depression and valleys are conserved. 

Each adenovirus fiber is fixed to a 400 kD protein pentamer, the penton base 
,ocated at the vertex of the icosahedral virus capsid. Whereas adenovirus attachment to 
most cells is mediated by the fiber, virus internalization is facilitated by « on 
20 between an ROD recognition sequence within the penton base protein and a v mfcgnns 
on the cell surface (Wickham, T. J., Mathias, P., Cheresh, D. A. and Nemerow, G. R. 
(1993) Integrins av P 3 and av P 5 promote adenovirus internalization but not virus 
attachment Cell 73,309-319). Interaction between the penton base RGD and another 
integrin d M P 2 , has recently been shown to promote adenovirus attachment to 
25 * a fiber-independent pathway, although virus entry into *ese ce s 

also depends on a separate interaction with a v integrins (Huang, S., Kant** T., Yakada, 
Y Ruggeri Z. M. and Nemerow, G. R. (1996). Adenovirus interaction with distinct 
integrins mediates separate events in cell eniry and gene delivery to hematopoietic cells. 
J Virology 70, 4502-4508). CAR expression on CHO cells enhanced adenovirus- 
30 mediated gene transfer 100-fold, indicating that virus attachment to CAR protein is 
followed by virus entry. Once fiber-mediated virus attachment to CAR protein has 
occurred, internalization may involve a second interaction with a v integrins or other 
molecules endogenously expressed on CHO cells. 

Adenoviruses, including types 2 and 5, are known predominantly as respiratory 
35 pathogens, and are believed to replicate in the epithelium of the upper respiratory tract 
(HorwU M. S. (1996). Adenoviruses. In Virology, B. N. Fields, D. M. Knipe and P. M. 
HowTy eds- (WW*** Lippincott-Raven), 3rd edition, pp. 2149-2171). Low levels 
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of CAR mRNA were detectable in lung tissue, and both mKNA and protein are 
expressed in transformed epithelial cell lines such as HeLa. Consistent with the high 
levels of CAR mRNA expression in myocardium, adenoviruses have recently been 
recognized as important agents in viral myocarditis (Martin, A. B., Webber, S., Flicker, 
5 F. J., Jaffe, R., Demmler, G., Kearney, D., Zhang, Y. H., Bodurtha, J., Gelb, B.> Ni, J., 
Bricker, J. T. and Towbin, J. A. (1994). Acute myocarditis: rapid diagnosis by PCR in 
children. Circulation 90, 330-339). However, adenovirus infections of the pancreas 
(Niemann, T. H., Trigg, M. E., Winick, N. and Penick, G. D. (1993). Disseminated 
adenoviral infection presenting as acute pancreatitis. Human Pathology 24, 1 145-1 148) 

10 and brain (Kelsey, D. S. (1978). Adenovirus meningoencephalitis. Pediatrics 61, 291- 
293), two other sites where CAR mRNA is highly expressed, are uncommon. It seems 
likely that additional factors, including the route of inoculation, delivery to tissues from 
a primary site of replication, or post-attachment restrictions to virus replication 
(including the expression of certain integrins), may be important in determining the 

1 5 pattern of illness caused by adenoviruses. 

Human adenoviruses can enter a variety of non-human cells, and adenovirus 
vectors are widely used for gene transfer into experimental animals. Expression of 
human CAR protein greatly enhanced the efficiency of gene transfer into CHO cells. 
- However, when CHO cells were exposed to virus at high multiplicity, low levels of 

20 transfer were observed even in the absence of CAR. This is consistent with the results 
of earlier experiments, in which delayed replication of adenovirus DNA was detected in 
CHO cells exposed to virus at high multiplicity (Longiaru, M. and Horwitz, M. S. 
(1981). Chinese hamster ovary cells replicate adenovirus deoxyribonucleic acid. 
Molecular and Cellular Biology 7, 208-215). 

25 Adenoviruses have generated considerable interest as potential vectors for 

genetic therapy (Kremer, E. J. and Perricaudet, M. (1 995). Adenovirus and adeno- 
associated virus mediated gene transfer. British Medical Bulletin 51, 31-44). The 
defective vectors in present use, like the Ad.CMV-Pgal used in these studies, are derived 
from adenovirus 5 and will bind to CAR. Identification of the adenovirus receptor, and 

30 an understanding of its tissue distribution, can be important in targeting gene delivery to 
specific tissues. Manipulation of receptor expression can be used in achieving efficient 
adenovirus-mediated transduction both in vivo and in vitro. It is remarkable that two 
viruses so structurally disparate as adenovirus and coxsackievirus have evolved to use 
the same receptor protein. Identification of CAR as the functional receptor for coxsackie 

35 B viruses and adenoviruses can also facilitate development of new strategies to limit 
infection by these pathogens. 
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t Isolated Nuc lgjc AriH Molecules 

^ One aspect ofthe invention pertains to isolated nucleic acid molecules that 
encode CAR or biologically active portions thereof, as well as nucleic acid fragments 
5 sufficient for use as hybridization probes to identify CAR-encoding nucleic : acid (e g 
CARmRNA). As used herein, the term "nucleic acid molecule" is intended tomc^e 
DNA molecules (e.g., cDNA or genomic DNA) and RNA molecules (e.g mRNA) and 
analogs of the DNA or RNA generated using nucleotide analogs. The nuctac acid 
m0 ,ecule can be single-stranded or double-stranded, but preferably is double-stranded 

Lmole.uleswhicharepresentmmenaturalsourceofmenucle.cactd Preferably, an 
-isolated" nucleic acid is free of sequences which naturally flank the nucleic ^d ue 
sequences located at the 5' and 3' ends ofthe nucleic acid) in the genonuc DNAofA 
organism from which the nucleic acid is derived. For example in 

15 the isolated CAR nucleic acid molecule can contain less than about 5 kb, 4kb, 3kb 2kb, 
1 kb 0 5 kb or 0.1 kb of nucleotide sequences which naturally flank the nuclei acid 
molecule in genomic DNA ofthe cell from which the nucleic acid is demed (e.g., a 
brain cell). Moreover, an "isolated" nucleic acid molecule, such as a cDNA module 
can be substantially free of other cellular material, or culture medium when produced by 

20 recombinant techniques, or chemical precursors or other chemicals when chemically 
synthesize d.^ ^ ^ ^ & ^ ^ 

having the nucleotide sequence of SEQ ID NO:l, or the nucleic acid 
DNA insert ofthe plasmid deposited with the EMBL Accession Number Y07593, or 
25 SEQ ID NO:3, or a portion thereof can be isolated using standard molecular biology 
techniques and the sequence information provided herein. For example, a human CAR 
cDNA can be isolated from a human heart or pancreas library using all or portion of 
SEQ ID NOl, or the nucleic acid sequence ofthe DNA insert ofthe plasmid deposited 
with the EMBL Accession Number Y07593, or SEQ ID NO:3 as a hybridization probe 
30 and standard hybridization techniques (e.g., as described in Sambrook, J Fntsh, E. F., 
and Maniatis, T. Molecular Cloning: A Laboratory Manual. 2nd, ed, Cold Sprmg 
Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor NY, 
1989) Moreover, a nucleic acid molecule encompassing all or a portion of SEQ ID 
NO- 1 or the nucleic acid sequence ofthe DNA insert ofthe plasmid deposited with the 
35 EMBL Accession Number Y07593, or SEQ ID NO:3 can be isolated by the polymerase 
chain reaction using oligonucleotide primers designed based upon the sequence of SEQ 
ID NOl or the nucleic acid sequence ofthe DNA insert ofthe plasmid deposited with 
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the EMBL Accession Number Y07593, or SEQ ID NO:3. For example, mRNA can be 
isolated from normal heart or pancreas cells (e.g., by the guanidinium-thiocyanate 
extraction procedure of Chirgwin et al. (1979) Biochemistry 18: 5294-5299) and cDNA 
can be prepared using reverse transcriptase (e.g., Moloney MLV reverse transcriptase, 
5 available from Gibco/BRL, Bethesda, MD; or AMV reverse transcriptase, available 
from Seikagaku America, Inc., St. Petersburg, FL). Synthetic oligonucleotide primers 
for PCR amplification can be designed based upon the nucleotide sequence shown in 
SEQ ID NO:l , or the nucleic acid sequence of the DNA insert of the plasmid deposited 
with the EMBL Accession Number Y07593, or SEQ ID NO:3. A nucleic acid of the 

10 invention can be amplified using cDNA or, alternatively, genomic DNA, as a template 
and appropriate oligonucleotide primers according to standard PCR amplification 
techniques. The nucleic acid so amplified can be cloned into an appropriate vector and 
characterized by DNA sequence analysis. Furthermore, oligonucleotides corresponding 
to a CAR nucleotide sequence can be prepared by standard synthetic techniques, e.g., 

1 5 using an automated DNA synthesizer. 

In a preferred embodiment, an isolated nucleic acid molecule of the invention 
comprises the nucleotide sequence shown in SEQ ID NO:l, or the nucleic acid sequence 
of the DNA insert of the plasmid deposited with the EMBL Accession Number Y07593, 
or SEQ ID NO:3 . The sequence of SEQ ID NO: 1 , or the nucleic acid sequence of the 

20 DNA insert of the plasmid deposited with the EMBL Accession Number Y07593, or 
SEQ ID NO:3 corresponds to the human CAR cDNA. This cDNA comprises sequences 
encoding the CAR protein (i.e., "the coding region", from nucleotides 1 to 1 157 as 
indicated in FIG. 13). 

In another preferred embodiment, an isolated nucleic acid molecule of the 

25 invention comprises a nucleic acid molecule which is a complement of the nucleotide 
sequence shown in SEQ ID NO:l , or the nucleic acid sequence of the DNA insert of the 
plasmid deposited with the EMBL Accession Number Y07593, or SEQ ID NO:3 or a 
portion of either of this nucleotide sequence. A nucleic acid molecule which is 
complementary to the nucleotide sequence shown in SEQ ID NO:l, or the nucleic acid 

30 sequence of the DNA insert of the plasmid deposited with the EMBL Accession Number 
Y07593, or SEQ ID NO:3 is one which is sufficiently complementary to the nucleotide 
sequence shown in SEQ ID NO:l, or the nucleic acid sequence of the DNA insert of the 
plasmid deposited with the EMBL Accession Number Y07593, or SEQ ID NO:3 such 
that it can hybridize to the nucleotide sequence shown in SEQ ID NO: 1, or the nucleic 

35 acid sequence of the DNA insert of the plasmid deposited with the EMBL Accession 
' Number Y07593, or SEQ ID NO:3, thereby forming a stable duplex. 
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In still another preferred embodiment, an isolated nucleic acid molecule .of the 

least about 94-9 6 o/o, and even more preferably at least about MM . more 
5 omologous to the nucleotide sequence shown in SEQ ID NO:l . or the nucleic acid 
renceoftheDNAinsenoftheplasmiddepositedwi^ 
Y07593 or SEQ ID NO:3 or a portion of this nucleotide sequence. In an addmonal 
purred embodiment, an isolated nucleic acid molecule of the invention compnses a 
nucleotide sequence which hybridizes, e.g., hybridizes under -gent condmo^o ^e 

eltnvm : n c E0 ID NO- 1, or the nucleic add sequence of the DN A 
1 0 nucleotide sequence shown m SEQ iu nu. , o 

insert of the plasmid deposited with the EMBL Access 10 n Number Y07593, or SEQ ID 
NO-3 or a portion of this nucleotide sequence. 

Moreover, the nucleic acid molecule of the invention can compnse only a potton 
, . j* ■„„ nf cpo ID NO- 1 or the nucleic acid sequence of the DNA insert ot 

biologically active ponion of CAR. The oucleood e sequence detcmmcd ton *e 
Log of L CAR gene aHows for the generation of probes and pnmers deargned £ 
Z in dentifying and/or cloning CAR homologues in other ceU rypes, e.g. from ou^ 
» ^aa^CARhomoIog^moOKrn— . 

comprises sobs.an.ia.ly purified oligonucleofide. The ohgonucleonde 

comprises a region of nucleoride science ma, hybridizes under smngen. cond.uons W 

Zlu. ,i preferahi, abou, 25, more preferably about 40, 
nucleotides of SEQ ID NO:,, or ,he nucleic acid sequence of the DNA ,n*rt of fte 
25 Zmid deposited wim dre EMBL Accession Number Y07593, or SEQ 

L anti-senL sequence of SEQ ID NO:,, or the nucleic acid sequent of *e DNA 
of the plasmid deposited « .he EMBL Accession Number Y07593, or SEQ ID N0.3, 
or naturally occurring mutants themof. Primers based on .he nucleot.de sequence ,„ 
SEQ .D NO:,, or the nucleic acid sequence of .he DNA insert of <he p,asm.d deposed 
30 with the EMBL Accession Number Y07593, or SEQ ID NO:3 can be used tn PCR 
reactions to clone CAR homologues. Probes based on .he CAR nucleoude sequences 
can be used .o detec> Iranscripls or genomic sequences encoding the same or 
homologous proteins. In preferred embod,men,s, .he probe fimher compnses a label 
group attached thereto, e.g. the label group can be a radioisotope, a fluorescent 
35 compound, an enzyme, or an enzyme co-factor. Such probes can be us* as a p*. of a 
diagnosric » ki, for identifying ce„s or .issue which misexpra* a CAR proteta such 
as by measuring a level of an CAR-encodmg nucleic acid in a sample of cells from a 
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subject e.g., detecting CAR mRNA levels or determining whether a genomic CAR gene 
has been mutated or deleted. 

In one embodiment, the nucleic acid molecule of the invention encodes a protein 
or portion thereof which includes an amino acid sequence which is sufficiently 
5 homologous to an amino acid sequence of SEQ ID NO:2 or SEQ ID NO:4 such that the 
protein or portion thereof maintains the ability to bind to coxsackievirus, preferably 
coxsackie B virus, adenovirus, or both the coxsackievirus and adenovirus. As used 
herein, the language "sufficiently homologous" refers to proteins or portions thereof 
which have amino acid sequences which include a minimum number of identical or 

10 equivalent (e.g., an amino acid residue which has a similar side chain as an amino acid 
residue in SEQ ID NO:2 or SEQ ID NO:4) amino acid residues to an amino acid 
sequence of SEQ ID NO:2 or SEQ ID NO:4 or an amino acid sequence encoded by the 
nucleotide sequence of SEQ ID NO:l, or the nucleic acid sequence of the DNA insert of 
the plasmid deposited with the EMBL Accession Number Y07593, or SEQ ID NO:3 

1 5 such that the protein or portion thereof is able to serve as an attachment receptor for the 
coxsackievirus, adenovirus, or both coxsackievirus and adenovirus. The term "serve as 
an attachment receptor" as used herein refers to facilitating viral infection or entry. 

Portions of proteins encoded by the CAR nucleic acid molecule of the invention 
are preferably biologically active portions of the CAR protein. As used herein, the term 

20 "biologically active portion of CAR" is intended to include a portion, e.g., a 

domain/motif, of CAR that has one or more of the following activities: 1) it can serve as 
an attachment receptor for coxsackievirus, adenovirus, or both coxsackievirus 
(preferably coxsackie B virus) and adenovirus; 2) it can modulate the activity of 
coxsackievirus, adenovirus, or both coxsackievirus (preferably coxsackie B virus) and 

25 adenovirus; and 3) it can modulate the attachment process of coxsackievirus, adenovirus, 
or both coxsackievirus (preferably coxsackie B virus) and adenovirus in a cell that is 
responsive to such pathogens (i.e., is capable of attachment to the coxsackievirus or 
adenovirus), for example, to beneficially down- or up-regulate the responsive cell. 
Standard binding assays, e.g., radiolabeled assays and competition binding assays as 

30 described herein, can be performed to determine the ability of a CAR protein or a 
biologically active portion thereof to interact with (e.g., bind to) a coxsackievirus or 
adenovirus. For example, a cell such as a CHO dhF" hamster cell, can be cotransfected 
with a nucleic acid encoding the CAR protein or biologically active portion thereof and 
with a selection marker such as cDNA encoding dihydrofolate reductase. CHO cells can 

35 then be exposed to radiolabeled coxsackievirus or radiolabeled adenovirus. After 
exposure of the cells, attachment can be determined and compared to nonexposed 
control cells. In addition, inhibition of binding can be measured by preincubating the 
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cells wirh antibodies raised .gains. tite CAR proteins or biologically aotive frogmen* 

The ,ov.„,io„ forte encompasses nucleic acid molecules rha, differ 
nu c,eo,ide seqoenee shown in SEQ ™* 

, Lsert of .he plasnrid deposited with the EMBL Acceaston Number Y07593, or SEQ ID 

' X 1 Portions thJU doc to degeneracy of tire g ene,ic code 

^c CAR protein as that encoded by the nucleotide sequence shown . SEQ ID NW 
The nuolc c acid sequence of the DNA inscrr of .he p,asmid depostted wttb tite EMBL 
AcLion Nuntbe, Y07593, or SEQ ID NO:3. In another embodtme* - ,ola*d 

, 0 ™"c acid molecule of rhe invenrion has a nucieoride sequence eocodrng a prom 
i g an a m ino acid sequence shown in SEQ ID NO:2 o, SEQ ID NO:4. * . - 
ZJ, embodiment, Ore nucieic acid molecule of .he invention encodes a M long* 
£L prorein which is suhs^ndally homologous .0 tite am.no acd aequenoe of SEQ 

NO:2orSEQIDNO:4. mNO-1 and 

15 ,„ addition .o the human CAR nucleotide sequence shown m SEQ ID NCU an 

me mouse CAR nuoleoride sequence shown in SEQ ID N0.3, i. wdl be apprectaud by 
filled in one an ma. DNA science polynrotphisms that lead to changes m me 
amino acid sequences of CAR ma, exist within a population <e.g„ me human 
" uiation, Such genetic polymorphism in me CAR gene may ~ ^ 
20 wiL a population due ,o na,ural allelic variation. As used he™, me terms ge« and 
"Imbil. gene" refer to nucleic acid molecules comprising an open eeadmg fame 

ariations can typically resul. in 1-5% variance in me nucleot.de sequenc^ of *eCAR 
~n. Any and all such nucleotide variations and resulting ammo acd polymotphrsms m 
25 CAR .ha are rhe resol. of natural allelic variation and tha. do no, alter tire functor*! 
^" rCARaaeimendCtohcwiminmescopeofmeinventio, Moreover, nuolete 

^ d leeules encoding CAR proreins from otiter species, and *us J 
nucleotide sequence which differs from tire human sequence 
nucleic aoid sequence of me DNA insert of me plaamid depostied wtti, tire EMBL 
30 A lLionNumb«Y07 5 9 3 ,orSEQ.DNO:3,arein.ended to hevnti,mmescopeofme 

^tion.Nuc.eicacidmoleculeaoo.esponding.on.tumlallelicvanan^d 
oohuman bomologoes o, me hr^an or mouse CAR cDNA of the mvention - * 

isolated based on titeir homology to the human or mouse CAR nuolete aotd dtsclosed 
etin using the human or mouse cDNA, or a portion thereof, as a hybndtaation ptcba 
35 coX ,o stands* hybridization .echniques under stringent hybridization condtuon, 

1" dingly, in another embodiment an iso.ared nucleic aoid molecule of the mvention 

fs aTL. 2 nucleotides in lengti, and hybridizes under suingen, continuous ro tine 
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nucleic acid molecule comprising the nucleotide sequence of SEQ ID NO:l, or the 
nucleic acid sequence of the DNA insert of the plasmid deposited with the EMBL 
Accession Number Y07593, or SEQ ID NO:3. In other embodiments, the nucleic acid is 
at least 300, 350, 400, 450, 500, 550, 600 650, 700, 750, 800, 850, 900, 950, 1000 or 
5 more nucleotides in length. As used herein, the term "hybridizes under stringent 
conditions" is intended to describe conditions for hybridization and washing under 
which nucleotide sequences at least 50% homologous to each other typically remain 
hybridized to each other. Preferably, the conditions are such that sequences at least 
about 60%, more preferably at least about 70%, and even more preferably at least about 

10 75% or more homologous to each other typically remain hybridized to each other. Such 
stringent conditions are known to those skilled in the art and can be found in Current 
Protocols in Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3. 1-6.3.6. A 
preferred, non-limiting example of stringent hybridization conditions are hybridization 
in 6X sodium chloride/sodium citrate (SSC) at about 45°C, followed by one or more 

1 5 washes in 0.2 X SSC, 0. 1 % SDS at 50-65°C. Preferably, an isolated nucleic acid 

molecule of the invention that hybridizes under stringent conditions to the sequence of 
SEQ ID NO:l, or the nucleic acid sequence of the DNA insert of the plasmid deposited 
with the EMBL Accession Number Y07593, or SEQ ID NO:3 corresponds to a 
naturally-occurring nucleic acid molecule. As used herein, a "naturally-occurring" 

20 nucleic acid molecule refers to an RNA or DNA molecule having a nucleotide sequence 
that occurs in nature (e.g., encodes a natural protein). In one embodiment, the nucleic 
acid encodes a natural human CAR. 

In addition to naturally-occurring allelic variants of the CAR sequence that may 
exist in the population, the skilled artisan will further appreciate that changes can be 

25 introduced by mutation into the nucleotide sequence of SEQ ID NO: 1 , or the nucleic 
acid sequence of the DNA insert of the plasmid deposited with the EMBL Accession 
Number Y07593, or SEQ ID NO:3, thereby leading to changes in the amino acid 
sequence of the encoded CAR protein, without altering the functional ability of the CAR 
protein. For example, nucleotide substitutions leading to amino acid substitutions at 

30 "non-essential" amino acid residues can be made in the sequence of SEQ ID NO:l, or 
the nucleic acid sequence of the DNA insert of the plasmid deposited with the EMBL 
Accession Number Y07593, or SEQ ID NO:3. A "non-essential" amino acid residue is a 
residue that can be altered from the wild-type sequence of CAR (e.g., the sequence of 
SEQ ID NO:2 or SEQ ID NO:4) without altering the activity of CAR, whereas an 

35 "essential" amino acid residue is required for CAR activity. 

Accordingly, another aspect of the invention pertains to nucleic acid molecules 
encoding CAR proteins that contain changes in amino acid residues that are not essential 



PCMJS97/16189 

WO 98/11221 

-18- 

for CAR activity. Such CAR proteins differ in amino acid sequence from SEQ ID NO:2 
o r SEQIDNO:4yetretainatleastoneoftheCARactivitiesdescnbedhe rei n. In one 

embodiment, the isolated nucleic acid molecule comprises a nucleotide sequence 
entd ng a protein, wherein the protein comprises an amino acid sequence atTeast about 

by me nucleic acidmol^ 

ID NO:4, more preferably at least about 70-80% homologous to SEQ ID £02 or SEQ 
IDN 0:4 even more preferably at least about 
,0 ID NO:4, and most preferably at least about 95-99% homologous to SEQ ID NO.2 or 

SEQIDNO:4. CPOTD 
To determine the percent homology of two amino ac,d sequences (e.g., SEQ ID 
NO-2 or SEQ ID NO:4 and a mutant form thereof) or of two nucleic acids, the sequences 
are aligned for optimal comparison purposes (e.g., gaps can be introduced in the 
,5 q nceofoneproteinornucleicacidforo^ 

nucleicacid). The amino acid residues or nucleotides at correspond ammo acid 
ositionsornucleotidepositionsarethencompare, When a position « one sequ^e 
(e o SEQ ID NO:2 or SEQ ID NO:4) is occupied by the same ammo add residue or 
nucleotide as the corresponding position in the other sequence (e.g., a mutant form of 
20 CAR),menmemoleculesarehomo.ogousatmat P osition(i.,,asus^ 

acid or nucleic acid "homology" is equivalent to amino acid or nude* acid .dent.ty ). 
The percent homology between the two sequences is a function of the number of 
identical positions shared by the sequences (i.e., % homology = # of identical 

positions/total # of positions x 100). M1Etftt u e 
25 An isolated nucleic acid molecule encoding a CAR protein homologous to the 

protein of SEQ ID NO:2 or SEQ ID NO:4 can be created by introducing one or more 
nucleotide substitutions, additions or deletions into the nucleo.de sequence o SEQ ID 
NO- 1 or the nucleic acid sequence of the DNA insert of the plasrmd deported with the 
EMBL Accession Number Y07593, or SEQ ID NO:3 such that one or more ammo acid 
30 substitutions, additions or deletions are introduced into the encoded 

can be introduced into SEQ ID NO:l, or the nucleic acid sequence of tfo .DNA insert of 
the plasmid deposited with the EMBL Accession Number Y07593, or SEQ ID NO.3 by 
standard techniques, such as site-directed mutagenesis and PCR-mediated mutagenesr, 
Preferably, conservative amino acid substitutions are made at one or more predicted 
35 non-essential amino acid residue, A "conservative amino acid substitution is one in 
which the amino acid residue is replaced with an amino acid residue having a similar 
side chain. Families of amino acid residues having similar side chains have been 
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defined in the art. These families include amino acids with basic side chains (e.g., 
lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), 
uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, 
tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, 
5 proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., 
threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, 
tryptophan, histidine). Thus, a predicted nonessential amino acid residue in CAR is 
preferably replaced with another amino acid residue from the same side chain family. 
Alternatively, in another embodiment, mutations can be introduced randomly along all 

10 or part of a CAR coding sequence, such as by saturation mutagenesis, and the resultant 
mutants can be screened for a CAR activity described herein to identify mutants that 
retain CAR activity. Following mutagenesis of SEQ ID NO: 1 , or the nucleic acid 
sequence of the DNA insert of the plasmid deposited with the EMBL Accession Number 
Y07593, or SEQ ID NO:3, the encoded protein can be expressed recombinantly as 

1 5 described herein and the activity of the protein can be determined using, for example, 
assays described herein. 

In addition to the nucleic acid molecules encoding CAR proteins described 
above, another aspect of the invention pertains to isolated nucleic acid molecules which 
are antisense thereto. An "antisense" nucleic acid comprises a nucleotide sequence 

20 which is complementary to a "sense" nucleic acid encoding a protein, e.g., 
complementary to the coding strand of a double-stranded cDNA molecule or 
complementary to an mRN A sequence. Accordingly, an antisense nucleic acid can 
hydrogen bond to a sense nucleic acid. The antisense nucleic acid can be 
complementary to an entire CAR coding strand, or to only a portion thereof. In one 

25 embodiment, an antisense nucleic acid molecule is antisense to a "coding region" of the 
coding strand of a nucleotide sequence encoding C AR. The term "coding region" refers 
to the region of the nucleotide sequence comprising codons which are translated into 
amino acid residues (e.g., the entire coding region of SEQ ID NO:l, or the nucleic acid 
sequence of the DNA insert of the plasmid deposited with the EMBL Accession Number 

30 Y07593, or SEQ ID NO:3 comprises nucleotides to . In another embodiment, 

the antisense nucleic acid molecule is antisense to a "noncoding region" of the coding 
strand of a nucleotide sequence encoding CAR. The term "noncoding region" refers to 
5' and 3' sequences which flank the coding region that are not translated into amino acids 
(i.e., also referred to as 5' and 3' untranslated regions). 

35 Given the coding strand sequences encoding CAR disclosed herein (e.g., SEQ ID 

NO:l, or the nucleic acid sequence of the DNA insert of the plasmid deposited with the 
EMBL Accession Number Y07593, or SEQ ID NO:3), antisense nucleic acids of the 
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invention can be designed according ,0 foe rules of Warson and Crick base pairing .The 
Use nucleic acid molecule can bo complementary to foe amrre codmg rogron of 
C^R mRNA bn. more preferably is an oligonucleotide which is aniens, to only a 
ZroTrheoding or noncoding region ofCARmRNA. For example, the anusense 
5 „u Lde can be complementary ,0 rha region surrounding foe - 

of CAR mRNA. An antisense oligonucleotide can be, for example, about 5, 10 15, 20 
S » 33 40 45 o, 50 nucleotides in length. An antisense nucleio acd of me mvenrron 
1 be'consnuoted using chemical synthesis and enzymatic ligation reaction, u.tng 
procedures Known in the art. For example, an antisense nueletc acd (e.g., an ***** 
,„ ^nucleotide) can be chemically aymheaized using ^7™^T " 
variously modified nucleotides designed to increase the hro.og.cd •** ofdra 
moleculaor.0 increase .he physical smbilny of me duplex formed between foe 
antisense and sense nucleic acids, e.g., phosphoro,hioa.e der,va.,ves and acndme 
s„bs,i.u,=d nuoleotides can be used. Examples of modified nuclides wfoeh car be 
15 Tsed .0 genera.e ,be antisense nucleic acid include 5-fh— 1, S-bromoumcl, 5- 
chlorou ra oil,5-iodouracil,hypoxanmme,xandune,4-ace.yMos.n^5- 

( earboxyhydroxylmefoyl)macil,5.c^^ 

20 mefoyLnme, 2-mefoylguamne, 3-meftyMosine, 5.mefoylcytos.ne N"-*' 
mefoylguanine, 5-mefoy.amtoomemylumcU, 

N6-isopen.anylade„ine, nracil-5-oxyaeetie acid (v), wybu.oxoa.ne, pseudourac.1, 
cueosine, 2-foiocy,o S ,ne, S-mefoyW-foiourucil, 2-foiouracil, 4-m.oumc.h - 
25 mefoylumcil uracil-5- oxyacetic acid mefoyles«er, ureoil-S-oxyacehc ao,d (v) 5-mefoyl- 
r."H3.amino. 3 . N .2-ca I hoxy T repy.)umci,,(ac P 3^ 
Alternatively, foe antisense nucleio acid can be produced biolog.oaUy uamg an 
expression vec,or in.o which a nucleio acid has been subcloned m an aousense 
oil ion <U., RNA nanscribed from ma mseried nucleic acid will be of an anfaense 
riemation 0 a Urge, nucleic aoid of .mere* described foriher rn foe fol.ow.ng 



30 

subsection). 



35 



The antisense nucleic acid molecules of the invention are typically — ered 
to a subject or generated in situ such that they hybridize with or bind to cellular mRNA 
and/or genomic DNA encoding a CAR protein to thereby inhibit express**, of the 
p^ein,e.g., by inhibiting transcription^ 
onvenuon, nucleotide complementarity to form a stable duplex or for examp,, 
case of an antisense nucleic acid molecule which binds to DNA duplexes, through 
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specific interactions in the major groove of the double helix. An example of a route of 
administration of an antisense nucleic acid molecule of the invention includes direct 
injection at a tissue site. Alternatively, an antisense nucleic acid molecule can be 
modified to target selected cells and then administered systemically. For example, for 
5 systemic administration, an antisense molecule can be modified such that it specifically 
binds to a receptor or an antigen expressed on a selected cell surface, e.g., by linking the 
antisense nucleic acid molecule to a peptide or an antibody which binds to a cell surface 
receptor or antigen. The antisense nucleic acid molecule can also be delivered to cells 
using the vectors described herein. To achieve sufficient intracellular concentrations of 

1 0 the antisense molecules, vector constructs in which the antisense nucleic acid molecule 
is placed under the control of a strong pol II or pol III promoter are preferred. 

In yet another embodiment, the antisense nucleic acid molecule of the invention 
is an cc-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms 
specific double-stranded hybrids with complementary RNA in which, contrary to the 

1 5 usual p-units, the strands run parallel to each other (Gaultier et al. (1 987) Nucleic Acids. 
Res. 15:6625-6641). The antisense nucleic acid molecule can also comprise a 2'-o- 
methylribonucleotide (Inoue et al. (1987) Nucleic Acids Res. 15:6131-6148) or a 
chimeric RNA-DNA analogue (Inoue et al. (1987) FEBSLett. 215:327-330). 

In still another embodiment, an antisense nucleic acid of the invention is a 

20 ribozyme. Ribozymes are catalytic RNA molecules with ribonuclease activity which are 
capable of cleaving a single-stranded nucleic acid, such as an mRNA, to which they 
have a complementary region. Thus, ribozymes (e.g., hammerhead ribozymes 
(described in Haselhoff and Gerlach (1988) Nature 334:585-591)) can be used to 
catalytically cleave CAR mRNA transcripts to thereby inhibit translation of CAR 

25 mRNA. A ribozyme having specificity for an CAR-encoding nucleic acid can be 
designed based upon the nucleotide sequence of a CAR cDNA disclosed herein (i.e., 
SEQ ID NO: 1 , or the nucleic acid sequence of the DNA insert of the plasmid deposited 
with the EMBL Accession Number Y07593, or SEQ ID NO:3). For example, a 
derivative of a Tetrahymena L-19 IVS RNA can be constructed in which the nucleotide 

30 sequence of the active site is complementary to the nucleotide sequence to be cleaved in 
an CAR-encoding mRNA. See, e.g., Cech et al. U.S. Patent No. 4,987,071 and Cech et 
al. U.S. Patent No. 5,1 16,742. Alternatively, CAR mRNA can be used to select a 
catalytic RNA having a specific ribonuclease activity from a pool of RNA molecules. 
See, e.g., Bartel, D. and Szostak, J.W. (mi) Science 261:1411-1418. 

35 Alternatively, CAR gene expression can be inhibited by targeting nucleotide 

sequences complementary to the regulatory region of the CAR (e.g., the CAR promoter 
and/or enhancers) to form triple helical structures that prevent transcription of the CAR 
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gene in target cells. See generally, Helene, C. (1991) 

84; Helene C etal. (1992)^ N.Y. Acad. Sci. 660:27-36; and Maher, L.J. (1992) 
Bioassays 14(l2):807-15. 

5 II^Recombinant Ex gessjon Vectors and Host Cell s 

Another aspect of the i^or^rtains to vectors, preferably expre ssion 

vectors ^ntaining a nucleic acid encoding CAR (or a portion thereof)- As used herein, 
vectors, comai b mo i eC ule capable of transporting another 

nucletcactdto _ . , qna loop into which additional DNA segments can be 
„ " 1 cl" Ld episomal mammalian vectors). 0>her veeto* (e.g„ ton- 

20 formofplasmids. In the present specification, plasmid «V» 

^rr^rd:^rro=to=p 7r - 

!ecl <e.g., replication defective r«— , adenoviruses and adeno-assoctated 

25 the l„ve^ n a form suitable for expression of the nudeic acid in a ho, caU, whreh 

ZL that .he recombinant expression vectors include one or mora regutatory 

r„en as selected on the basis of the host celis to be nsed for exprasston, whtch ,s 

Z t v* hLd to the nuciaic acid sequence ,0 ba exprassed. Within a recombinant 
operattvely Itnx ^ ^ nucleI) „ de 0 f 

30 S^r: .inan^rwhicha.hawa.raxpraaahm 

host call whan dta vector is introduced into the host call). The term regulatory 

l is intended to includes promoters, enhancers and omer expression «d 
,5 Zents (e.g., polyadenylation signals). Such tegulatory seances are descnted, for 
35 element g p y r«Wogv.- <» Eulogy ' 

I* ^n Diego, el (1990). Regulatory sequences include thoae which 
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direct constitutive expression of a nucleotide sequence in many types of host cell and 
those which direct expression of the nucleotide sequence only in certain host cells (e.g., 
tissue-specific regulatory sequences). It will be appreciated by those skilled in the art 
that the design of the expression vector can depend on such factors as the choice of the 
5 host cell to be transformed, the level of expression of protein desired, etc. The 

expression vectors of the invention can be introduced into host cells to thereby produce 
proteins or peptides, including fusion proteins or peptides, encoded by nucleic acids as 
described herein (e.g., CAR proteins, mutant forms of CAR, fusion proteins, etc.). 
The recombinant expression vectors of the invention can be designed for 

10 expression of CAR in prokaryotic or eukaryotic cells. For example, CAR can be 
expressed in bacterial cells such as £ coli, insect cells (using baculovirus expression 
vectors) yeast cells or mammalian cells. Suitable host cells are discussed fiirther in 
Goeddel, Gene Expression Technology: Methods in Enzymology 1 85, Academic Press, 
San Diego, CA (1990). Alternatively, the recombinant expression vector can be 

1 5 transcribed and translated in vitro, for example using T7 promoter regulatory sequences 
and T7 polymerase. 

Expression of proteins in prokaryotes is most often carried out in £. coli with 
vectors containing constitutive or inducible promoters directing the expression of either 
fusion or non-fiision proteins. Fusion vectors add a number of amino acids to a protein 

20 encoded therein, usually to the amino terminus of the recombinant protein. Such fusion 
vectors typically serve three purposes: 1) to increase expression of recombinant protein; 
2) to increase the solubility of the recombinant protein; and 3) to aid in the purification 
of the recombinant protein by acting as a ligand in affinity purification. Often, in fusion 
expression vectors, a proteolytic cleavage site is introduced at the junction of the fusion 

25 moiety and the recombinant protein to enable separation of the recombinant protein from 
the fusion moiety subsequent to purification of the fusion protein. Such enzymes, and 
their cognate recognition sequences, include Factor Xa, thrombin and enterokinase. 
Typical fusion expression vectors include pGEX (Pharmacia Biotech Inc; Smith, D.B. 
and Johnson, K.S. (1988) Gene 67:31-40), pMAL (New England Biolabs, Beverly, MA) 

30 and pRIT5 (Pharmacia, Piscataway, NJ) which fuse glutathione S-transferase (GST), 
maltose E binding protein, or protein A, respectively, to the target recombinant protein. 
In one embodiment, the coding sequence of the CAR is cloned into a pGEX expression 
vector to create a vector encoding a fusion protein comprising, from the N-terminus to 
the C-terminus, GST-thrombin cleavage site-CAR. The fusion protein can be purified 

35 by affinity chromatography using glutathione-agarose resin. Recombinant CAR unfused 
to GST can be recovered by cleavage of the fusion protein with thrombin. 
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Extanples of suitable inducible non-fusion E. call expression vectora include 
pT,c (Amam, e, a,., (1988, Gen* 69:30.-315) and P ET lld(Studwretal.^Gew 
B*Lm Mnolosy: Me*** in ***** 1 «. Academic Press, D*g* 
Mfomia (1990) 60-89). Targe, gene expression from to pTro vector relies on host 
5 SA™r y meJ l ranscrip,ion ft on,ahybrido T -lacfu S io«promo K r. Targetga* 

nromoter mediated by a coexpressed viral RNA polymerase (T7 gnl). This vtral 
^le is supplied by host sbains BL2KDE3) or HMSn4(^ = den, X 
prophage harboring a T7 gnl gene under the transcnpttonal contro. of me lacUV 5 

10 Pr0mOK One strategy to maximize recombinan, protein expression in * coU is to express 
te prorein in ahost hacreria with an impaired capacity to F««*-*££ * 
Jmbinan. protein (Oonesman, S.. Gene M£»c 
£h™»/ W 185, Academic Press, San Diego, California (1990) W Anota 

, 5 X isTo after .he nucleic acid sequence of me nucleic acid to be msaned into an 
exp^ionvectorsorhatmeindividualcodonsforeach^no^dareuw 

Jkrentially utilized in £ coU (Wada et al. (1 992) Nucleic Acids to. 20.21 1 1-2118V 
. .of nucleic acid se,uence S ofthe invention can be carried on, by standard 

0W )E»ku 6:229-234), pMFa(Kurjan and Herakowftz, (1982) Cell 30.933 
,43), pJRY88 (Sohuhz « al., (1987) Gene 54:1 13-123), and pYES2 (taviftogen 

25 ^l^CARt be exposed in insect cells using baoulovinas exprassion 
vectors B— vectors available for expression o, proteins M -~ -» 
* g Sf 9 cells) include me P Ac scries (Smith « al. (1983) Mo/. C-HW 3:2156-2165) 
and'mepVL series (Lucklow and Summers (1989) nrolop 170:31-39). 

in ye. another embodiment, a nucleic acid of the invention « expressed in 
30 mammalian cells using a mammalian expression vector. Examples of m^mahan 
expression vectors include pCDMg (Seed, B. (1987) tore 329:84 0) and pNfnPC 
iKnufman et al (1987) EMBOJ. 6:187-195). When used in mammalian ceUs, the 

vet* coll functions are often provided by vira, regulate* elements. 
For example, commonly used promoters are derived ftom polyoma, 
35 cytomegalovirus and Simian Virus 40. For other suitable expression systems for both 
TharyoUc and eukaryolie cells sae chapteis 16 and 17 of SambrooM., Fntsh, E. t. 
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Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 
1989. 

In another embodiment, the recombinant mammalian expression vector is 
capable of directing expression of the nucleic acid preferentially in a particular cell type 
5 (e.g., tissue-specific regulatory elements are used to express the nucleic acid). Tissue- 
specific regulatory elements are known in the art. Non-limiting examples of suitable 
tissue-specific promoters include the albumin promoter (liver-specific; Pinkert et al. 
(1 987) Genes Dev. 1 :268-277), lymphoid-specific promoters (Calame and Eaton (1 988) 
Adv. Immunol 43:235-275), in particular promoters of T cell receptors (Winoto and 

10 Baltimore (1989) EMBOJ. 8:729-733) and immunoglobulins (Banerji et al. (1983) Cell 
33:729-740; Queen and Baltimore (1983) Cell 33:741-748), neuron-specific promoters 
(e.g., the neurofilament promoter; Byrne and Ruddle (1989) PNAS 86:5473-5477), 
pancreas-specific promoters (Edlund et al. (1985) Science 230:912-916), and mammary 
gland-specific promoters (e.g., milk whey promoter; U.S. Patent No. 4,873,316 and 

15 European Application Publication No. 264,166). Developmental ly-regulated promoters 
are also encompassed, for example the murine hox promoters (Kessel and Gruss (1990) 
Science 249:374-379) and the a-fetoprotein promoter (Campes and Tilghman (1989) 
Genes Dev. 3:537-546). 

The invention further provides a recombinant expression vector comprising a 

20 DNA molecule of the invention cloned into the expression vector in an antisense 

orientation. That is, the DNA molecule is operatively linked to a regulatory sequence in 
a manner which allows for expression (by transcription of the DNA molecule) of an 
RNA molecule which is antisense to CAR mRNA. Regulatory sequences operatively 
linked to a nucleic acid cloned in the antisense orientation can be chosen which direct 

25 the continuous expression of the antisense RNA molecule in a variety of cell types, for 
instance viral promoters and/or enhancers, or regulatory sequences can be chosen which 
direct constitutive, tissue specific or cell type specific expression of antisense RNA. The 
antisense expression vector can be in the form of a recombinant plasmid, phagemid or 
attenuated virus in which antisense nucleic acids are produced under the control of a 

30 high efficiency regulatory region, the activity of which can be determined by the cell 
type into which the vector is introduced. For a discussion of the regulation of gene 
expression using antisense genes see Weintraub, H. et al., Antisense RNA as a molecular 
tool for genetic analysis, Reviews - Trends in Genetics, Vol. 1(1) 1986. 

Another aspect of the invention pertains to host cells into which a recombinant 

35 expression vector of the invention has been introduced. The terms "host cell" and 
"recombinant host cell" are used interchangeably herein. It is understood that such 
terms refer not only to the particular subject cell but to the progeny or potential progeny 
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of such a ecu. Because cenain modifications may occur in succeeding generous due 

,0 eite mutation or environmental influences, such progeny may not ■ 

identical ,0 the parent cell, hu, are still included within the scope of .he ,erm as used 

oan be expressed in bacterial cells such as E coU, insect cells, yeas, or nranrmahan cells 
Zl as Chinese hamster ova* cells (CHO, or COS cells). Other suitable host cells ace 
known to those skilled in the art. ^Uvi* 
Vector DNA can be introduced into prokaryotic or eukaryofc cells via 
10 conventional transformation or transfection techniques. As used herein the terms 
Wormauon" and Wection" are intended to refer to a variety of «mp-d 
Z q ues for introducing foreign nucleic acid (e.g., DNA) into a host cell, mc^ng 
calcium phosphate or caicium ch.oride co-precipitation, DEAE-dextran-med ated 

Suitable memodsfor—ngor 

1 5 transfecting host cells can be found in Sambrook, et al (Molecular Clow* A 

Laboratory Manual. 2nd ed, Cold Spring Harbor Laboratory, Cold Spnng Harbor 
Laboratory Press, Cold Spring Harbor, NY, 1989), and other laboratory manual, 

expression vector and transfection technique used, only a small fraction of cells may 
20 irietheforeignDNAintotheirgenome. ^rdertoidenU fy and^ 
integrants, a gene that encodes a selectable marker (e.g., resistance to antics * 
eneraUy introduced into the host cells a.on g with the gene of interest. Preferred 
seiectable markers include those which confer resistance to drugs, such as G418, 
neomycin and methotrexate. Nucleic acid encoding a selectable marker can be 
25 imroducedintoahostcellon^ 

introduced on a separate vector. cdl.^«-^^«mod^-rf« 
acid can be identified by drug selection (e.g., cells that have incorporated the selectable 
marker gene will survive, while the other cells die). 

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in 
30 culture, can be used to produce (i.e., express) CAR protein. Accordingly, die invention 
further provides methods for producing CAR protein using the host cells of the 
invention. In one embodiment, the method comprises culturing the host ceU of 
invention (into which a recombinant expression vector encoding CAR has been 
introduced) in a suitable medium until CAR is produced. In another embodiment, the 
35 method further comprises isolating CAR from the medium or the host cell. 

The host cells of the invention can also be used to produce nonhuman transgenic 
animals. TTie nonhuman transgenic animals can be used in screening assays designed to 
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identify agents or compounds, e.g., drugs, pharmaceuticals, etc., which are capable of 
ameliorating detrimental symptoms of selected disorders such as cardiovascular 
disorders and proliferative disorders. For example, in one embodiment, a host cell of the 
invention is a fertilized oocyte or an embryonic stem cell into which CAR-coding 
5 sequences have been introduced. Such host cells can then be used to create non-human 
transgenic animals in which exogenous CAR sequences have been introduced into their 
genome or homologous recombinant animals in which endogenous CAR sequences have 
been altered. Such animals are useful for studying the function and/or activity of CAR 
and for identifying and/or evaluating modulators of CAR activity. As used herein, a 

1 0 "transgenic animal" is a nonhuman animal, preferably a mammal, more preferably a 
rodent such as a rat or mouse, in which one or more of the cells of the animal includes a 
transgene. Other examples of transgenic animals include nonhuman primates, sheep, 
dogs, cows, goats, chickens, amphibians, etc. A transgene is exogenous DNA which is 
integrated into the genome of a cell from which a transgenic animal develops and which 

15 remains in the genome of the mature animal, thereby directing the expression of an 
encoded gene product in one or more cell types or tissues of the transgenic animal. As 
used herein, a "homologous recombinant animal" is a nonhuman animal, preferably a 
mammal, more preferably a mouse, in which an endogenous CAR gene has been altered 
by homologous recombination between the endogenous gene and an exogenous DNA 

20 molecule introduced into a cell of the animal, e.g., an embryonic cell of the animal, prior 
to development of the animal. 

A transgenic animal of the invention can be created by introducing CAR- 
encoding nucleic acid into the male pronuclei of a fertilized oocyte, e.g., by 
microinjection, retroviral infection, and allowing the oocyte to develop in a 

25 pseudopregnant female foster animal. The human CAR cDNA sequence of SEQ ID 
NO:l, or the nucleic acid sequence of the DNA insert of the plasmid deposited with the 
EMBL Accession Number Y07593, or SEQ ID NO:3 can be introduced as a transgene 
into the genome of a nonhuman animal. Alternatively, a nonhuman homologue of the 
human CAR gene, such as a mouse CAR gene, can be isolated based on hybridization to 

30 the human CAR cDNA (described further in subsection I above) and used as a 

transgene. Intronic sequences and polyadenylation signals can also be included in the 
transgene to increase the efficiency of expression of the transgene. A tissue-specific 
regulatory sequence(s) can be operably linked to the CAR transgene to direct expression 
of CAR protein to particular cells. Methods for generating transgenic animals via 

35 embryo manipulation and microinjection, particularly animals such as mice, have 
become conventional in the art and are described, for example, in U.S. Patent Nos. 
4,736,866 and 4,870,009, both by Leder et al., U.S. Patent No. 4,873,191 by Wagner et 
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""To— a homologous recombinant animal, a vc«or is prcpared «hich conUim 
T of a CAR K „e into which a deleuoo, addition or substitution has boon 
,„,roduced to thereby alter, g , human , c 

b. a human gene (e.g„ , nuoieic acid scuenee ofdte 
library screened wtth the oDNA of SEQ or 

™ — - * : * n "hC:o,o;ue„fahuma»CAR g ene. 

,5 SEQ ID NO:3>, but » ^ - ftom . m0USE genoraic DNA libmr, 
For example, a mouse CAR gene an b ^ ^ rf ^ D[JA 

using the human CAR cDNA of S ^Q ™ ^ S£Q , D 

endogenous CAR protein)^ 1 ^ q{ ^ CAR 

of the CAR gene ts flanked at ,ts 5 and *J*» ^ CAR gene 

eene to allow for homologous recombination to occur between e 

gene to aiiow iu e embryonic stem cell. The 

rhoth « the 5' and 3' ends) aro included in the vector (see e.g„ Thomas, K.R. and 
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Cell 69:915). The selected cells are then injected into a blastocyst of an animal (e.g., a 
mouse) to form aggregation chimeras (see e.g., Bradley, A. in Teratocarcinomas and 
Embryonic Stem Cells: A Practical Approach, E.J. Robertson, ed. (IRL, Oxford, 1987) 
pp. 1 13-152). A chimeric embryo can then be implanted into a suitable pseudopregnant 
5 female foster animal and the embryo brought to term. Progeny harboring the 

homologously recombined DNA in their germ cells can be used to breed animals in 
which all cells of the animal contain the homologously recombined DNA by germline 
transmission of the transgene. Methods for constructing homologous recombination 
vectors and homologous recombinant animals are described further in Bradley, A. 

10 (1991) Current Opinion in Biotechnology 2:823-829 and in PCT International 

Publication Nos.: WO 90/1 1354 by Le Mouellec et al.; WO 91/01 140 by Smithies et 
al.; WO 92/0968 by Zijlstra et al.; and WO 93/04169 by Bems et al. 

In another embodiment, transgenic nonhumans animals can be produced which 
contain selected systems which allow for regulated expression of the transgene. One 

15 example of such a system is the cre/loxP recombinase system of bacteriophage PI. For 
a description of the cre/loxP recombinase system, see, e.g., Lakso et al. (1992) PNAS 
89:6232-6236. Another example of a recombinase system is the FLP recombinase 
system of Saccharomyces cerevisiae (O'Gorman et al. (1991) Science 251:1351-1355. If 
a cre/loxP recombinase system is used to regulate expression of the transgene, animals 

20 containing transgenes encoding both the Cre recombinase and a selected protein are 

required. Such animals can be provided through the construction of "double" transgenic 
animals, e.g., by mating two transgenic animals, one containing a transgene encoding a 
selected protein and the other containing a transgene encoding a recombinase. 

Clones of the nonhuman transgenic animals described herein can also be 

25 produced according to the methods described in Wilmut, I. et al. (1997) Nature 385:810- 
813. In brief, a cell, e.g., a somatic cell, from the transgenic animal can be isolated and 
induced to exit the growth cycle and enter G 0 phase. The quiescent cell can then be 
fused, e.g., through the use of electrical pulses, to an enucleated oocyte from an animal 
of the same species from which the quiescent cell is isolated. The reconstructed oocyte 

30 is then cultured such that it develops to morula or blastocyst and then transferred to 
pseudopregnant female foster animal. The offspring borne of this female foster animal 
will be a clone of the animal from which the cell, e.g., the somatic cell, is isolated. 

III. Isolated CAR Proteins and Anti-CAR Antibodies 
35 Another aspect of the invention pertains to isolated CAR proteins, and 

biologically active portions thereof, as well as peptide fragments suitable for use as 
immunogens to raise anti-CAR antibodies. An "isolated" or "purified" protein or 
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-•™ .hereof is substantially free of cellular material when 
logical y acve po*o *^ - *— F~— °< «*- 
produced by -^anuaHy free of cellular marerial" 

wh e„ chemraelly synthes^ TtaUng ^ ^ ^ ^ 

includes preparations of CAR protein recombiremtly ^d. ,„ one 

5 components of die cells in ^ ^ includ es prepararions 

enrbodimen, the language "sub sranh £ e of ^ ^ 

of CAR protein having less than about 30 /.(by dry g J 20% of 

non-CARprorain.su. more prc ^ l^ ^ 
,0 mos, preferably loss rhrm about 5% non-CAR pro 

biologic* active po*on .hereof ,s than abou. 

subsranrially free of culture medram, r.e, culture :m drum P rf 

20% , m ore prefer* less than abou. . £ -*£ ^ fo rf ^ 
,he volume of .he proram prepocanon. The language 

about 30% (by dry weigh., of chemical precurso " 

"T^ ^TNO^DNO.suchura.mepaorainorporiionme™, 

30 ^TT^EI^B*--..*-*-- Th«poriio„of«b«pro.em 
m a,mmnstheb.nd.ou.ecoxsacK.e In mother preferred 

en.bod.men, th. „ „ ^ ^d mmm) which . 

sequence shown .» SEQ ID NO.2 or v ^ ^ 

IS encoded by the nucleolide sequence or SEgiUNU-.."' ,,„ 
TdN A insert of .he plasmid deposited with the EMBL Accesston Number Y07593, or 
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acid sequence which is encoded by a nucleotide sequence which hybridizes, e.g., 
hybridizes under stringent conditions, to the nucleotide sequence of SEQ ID NO:l , or 
the nucleic acid sequence of the DNA insert of the plasmid deposited with the EMBL 
Accession Number Y07593, or SEQ ID NO:3. In still another preferred embodiment, 
5 the CAR protein has an amino acid sequence which is encoded by a nucleotide sequence 
that is at least about 50-66%, preferably at least about 60-70%, more preferably at least 
about 80-90%, more preferably at least about 90-92%, more preferably at least about 94- 
96%, and even more preferably at least about 98-99% or more homologous to the 
nucleotide sequence of SEQ ID NO:l, or the nucleic acid sequence of the DNA insert of 

10 the plasmid deposited with the EMBL Accession Number Y07593, or SEQ ID NO:3. 
The preferred CAR proteins of the present invention also preferably possess at least one 
of the CAR activities described herein. For example, a preferred CAR protein of the 
present invention includes an amino acid sequence encoded by a nucleotide sequence 
which hybridizes, e.g., hybridizes under stringent conditions, to the nucleotide sequence 

1 5 of SEQ ID NO: 1 , or the nucleic acid sequence of the DNA insert of the plasmid 

deposited with the EMBL Accession Number Y07593, or SEQ ID NO:3 and which can 
bind to the coxsackie B virus or adenovirus. 

In other embodiments, the CAR protein is substantially homologous to the amino 
acid sequence of SEQ ID NO:2 or SEQ ID NO:4 and retains the functional activity of 

20 the protein of SEQ ID NO:2 or SEQ ID NO:4 yet differs in amino acid sequence due to 
natural allelic variation or mutagenesis, as described in detail in subsection I above. 
Accordingly, in another embodiment, the CAR protein is a protein which comprises an 
amino acid sequence which is at least about 50-60%, preferably at least about 70-80%, 
and more preferably at least about 86, 88, 90%, and most preferably at least about 90- 

25 95% or more homologous to the entire amino acid sequence of SEQ ID NO:2 or SEQ ID 
NO:4 and which has at least one of the CAR activities described herein. In other 
embodiments, the invention pertains to a full length human protein which is 
substantially homologous to the entire amino acid sequence of SEQ ID NO:2 or SEQ ID 
NO:4 

30 Biologically active portions of the CAR protein include peptides comprising 

amino acid sequences derived from the amino acid sequence of the CAR protein, e.g., 
the amino acid sequence shown in SEQ ID NO:2 or SEQ ID NO:4 or the amino acid 
sequence of a protein homologous to the CAR protein, which include less amino acids 
than the full length CAR protein or the full length protein which is homologous to the 

35 CAR protein, and exhibit at least one activity of the CAR protein. Typically, 

biologically active portions (peptides, e.g., peptides which are, for example, 5, 10, 15, 
20, 30, 35, 36, 37, 38, 39, 40, 50, 100 or more amino acids in length) comprise a domain 
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SEQIDNO*. In a prefen-ed embodiment, .he «? T f " 1 * 
5 l.ein can bind ,0 coxsackievirus, adenovirus, or both coxsack.ev.ms (preferably 
rZrBvi^andadenovin.lnano.herembodi^^bWy^ve 

*b ofi,er re 8 io„s of the prorein are deiered, can be p^ by— an. 
techniques and evaluated for one or more of the act.mt.es descnbed heron, 
^san p^^p^MyprodocedbyreconrbinanrDNA^hntoues. For 

example, a nucleic acid molecuie encoding Ore protein is Coned into an exp«ss,on 

deacHbed above,, .be expression vector is introduced 
described above) and the CAR protein is expressed tn the host cell. The CAR proton 
cTI be isolated from .he colls by an appropriate purification — ™ 

• -ration technioues Alternative to recombinant expression, a CAR protein, 

Lw'oes. Moreover, native CAR protein can be isolated ftom cells <e.g, brant cells), 
forexamnle using an anti-CAR antibody (described further below). 

The inveln aiso provide, CAR chimeric or fusion poatein, As used herem, a 

21 "aR polypeptide. An "CAR polypeplide- refers.. , .polyp^c : havmg 
„ amino acid sequence corresponding to CAR, whereas a ^ P*«£ 
refers ,0 a polypeptide having an amino acid sequence corresponding to a proton ^wh.ch 
ubsltially homologous to .he CAR protein, e.g, a pro.e,n wmch , Afferent 

„ fromUwCAR protein and which is derived from me aame 0, a difTenan. orgamsm. 

25 from the CAR protein rf „ , inlHlded ,o indicate that the 

Within the fus on protein, the term operative^ uiikcu 

cTr polypeptide and the non-CAR polypeptide are msedin.fi.me The 
non-CAR polypeptide can be fitsed to the N-tetminus or C-termmus of *e CAR 
poiypeptide. For example, in one embodiment the toon protetn ■ a OST-CAR ta» 
30 prol in which the CAR sequences are fhscd to the C-Krnmus of fine GST sendee, 
Suchfnaionprotetacanfaciliu.ethepurificauonofmcomb.nnn.CAR Inanomer 

embodiment, me fitsion protein is a CAR ptotein containing a e*» ogo ^ 
sequence at its N-terminus. In certain host cells (e.g., mammahan host cells), express,™ 
Zor secretion of CAR can be increased through use of a heterc.ogous stgnal seance. 
35 Preferably, a CAR chimeric or fusion protein of the invenhon ,s produced by 

standard recombinant DMA technique, For example, DNA fragments codmg for the 
different polypeptide sequenees a* ligated together in-fmme in accordance wtth 
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conventional techniques, for example by employing blunt-ended or stagger-ended 
termini for ligation, restriction enzyme digestion to provide for appropriate termini, 
filling-in of cohesive ends as appropriate, alkaline phosphatase treatment to avoid 
undesirable joining, and enzymatic ligation. In another embodiment, the fusion gene 
5 can be synthesized by conventional techniques including automated DNA synthesizers. 
Alternatively, PCR amplification of gene fragments can be carried out using anchor 
primers which give rise to complementary overhangs between two consecutive gene 
fragments which can subsequently be annealed and reamplified to generate a chimeric 
gene sequence (see, for example, Current Protocols in Molecular Biology, eds. Ausubel 

10 et al. John Wiley & Sons: 1992). Moreover, many expression vectors are commercially 
available that already encode a fusion moiety (e.g., a GST polypeptide). An CAR- 
encoding nucleic acid can be cloned into such an expression vector such that the fusion 
moiety is linked in-frame to the CAR protein. 

The present invention also pertains to homologues of the CAR proteins which 

15 function as either a CAR agonist (mimetic) or a CAR antagonist. In a preferred 
embodiment, the CAR agonists and antagonists stimulate or inhibit, respectively, a 
subset of the biological activities of the naturally occurring form of the CAR protein. 
Thus, specific biological effects can be elicited by treatment with a homologue of 
limited function. In one embodiment, treatment of a subject with a homologue having a 

20 subset of the biological activities of the naturally occurring form of the protein has fewer 
side effects in a subject relative to treatment with the naturally occurring form of the 
CAR protein. 

Homologues of the CAR protein can be generated by mutagenesis, e.g., discrete 
point mutation or truncation of the CAR protein. As used herein, the term "homologue" 

25 refers to a variant form of the CAR protein which acts as an agonist or antagonist of the 
activity of the CAR protein. An agonist of the CAR protein can retain substantially the 
; same, or a subset, of the biological activities of the CAR protein. An antagonist of the 
CAR protein can inhibit one or more of the activities of the naturally occurring form of 
the CAR protein, by, for example, competitively binding to a downstream or upstream 

30 member of the CAR cascade which includes the CAR protein. Thus, the mammalian 
CAR protein and homologues thereof of the present invention can be either positive or 
negative regulators of the CAR binding to the coxsackie B virus and adenovirus. 

In an alternative embodiment, homologues of the CAR protein can be identified 
by screening combinatorial libraries of mutants, e.g., truncation mutants, of the CAR 

35 protein for CAR protein agonist or antagonist activity. In one embodiment, a variegated 
library of CAR variants is generated by combinatorial mutagenesis at the nucleic acid 
level and is encoded by a variegated gene library. A variegated library of CAR variants 
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M be produced by, for example, enzymatically ligaring a mixune of synthedc 
oBgop.deo.ide, into gene sequences such rha. a degenerare « o 'P-— ' 
sequences is expressible as iodividuai po.ypep.ides, or ahemanvely, as a se. of larger 
Son proteins e,„ for phage dispiay) containing .he se, of C AR fences ^n. 
5 There are a variety of methods which can be used ,0 produce hbnu.es of po,=n,,al CAR 
homologues from a degenerare oligonuoieoride sequence. Chemical symdresrs of a 
degenerate gene sequence can be performed in an au,oma«ic DMA synrhes^r, and the 
„ heric gel men irgared inro an appropriate expression vccror. Use of a degenerare 
i of genes allows for , he provision, in one mixrure, of all of me sequences encodmg 
,0 rhe desired se, of po,en,ial CAR sequences. Mcmods for syntog degenerate 

oligonucleondes are known in ,he ar, (see, e.g., Narang, S.A. IWM. 39.3, 
, Jura « al. (1984) Ann, Kev. Biochem. 53:323; Itakura a, al. (.984) Seance 
198 1056; Ike elal. Nucleic Acid Res. 11:477. 

,„ addhion, libraries of fragment of ,hc CAR prorein coding can be used >o 
, 5 ge „era,e a variega-ed populauon of CAR fragment for screening and 

elecrion of homologues of aCARprorain. !n one embodiment . hb»y of codm, 
sequence fragments can be gen=r.,cd by treating a double sanded PCR ftagman, fa 
CAR coding sequence wim a nucleaae under condirions wherein nickmg ocoura «* 
abou, once pe, molecule, denamring ,he double stranded DNA, rcnamnng ^rhe DNA ,0 
20 form double Branded DNA which can include sense/annsense paua from Afferent 
nicked producrs, removing single suanded portions from reformed duplexes by 
iTmen, wim S, nucleaae, and Ugaung ft. -King fragmen, libraay in«o ar .express.™ 
Lor By mis mcbod, an expression library can be derived which encodes H-,e™,nal, 
terminal and inlemal fragment of various sizes of the CAR proton. 
25 Several techniques a* known in Ihe ar, for screening gene produces of 

combina.orial libraries made by point muradons or ,runca,ion, and for screening cDNA 
■ibraries for gene producs having a seleccd property. Such teohmq.es are adaptable to, 
rapid screening of the gene libraries general by ,hc combina,onal muragen ,s 0 CAR 
hlologuas. The mos. widely used .eohniques, which are amenable ,o tugh duough-pn, 
30 analysis, for screening large gene libraries Wica.ly include cloning , he gene hbrarynuo 
raplLne expression vectors, bransforming appropriate oeUs w«h me man nn h toy o 
vecora, and expressing combina,orial genes under enditions m wh,ch detacbon of a 
desired activity facilitates isolation of the vector encoding ,he gene whose product was 
detected. Recrusive ensemble mutagenesis (REM), a new technique whtch enhances ute 
35 frequency of functional murants in me libraries, can be used in combinamn w,th <h e 
Lining assays ,0 identify CAR homologues (Arkin and Yourvan (1992, PNAS 
59:781 1-7815; Delgrave et al. (1993) frourn Engineering 60)327-331). 
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In one embodiment, cell based assays can be exploited to analyze a variegated 
CAR library. For example, a library of expression vectors can be transfected into a cell 
line ordinarily capable of binding to the coxsackievirus or adenovirus. The transfected 
cells are then contacted with radiolabeled coxsackievirus or adenovirus and the effect of 
5 the CAR mutant on binding to the coxsackie B virus and adenovirus can be detected. 
Plasmid DNA can then be recovered from the cells which score for inhibition, or 
alternatively, potentiation of binding to the coxsackie B virus and adenovirus, and the 
individual clones further characterized. 

An isolated CAR protein, or a portion or fragment thereof, can be used as an 

10 immunogen to generate antibodies that bind CAR using standard techniques for 

polyclonal and monoclonal antibody preparation. The full-length CAR protein can be 
used or, alternatively, the invention provides antigenic peptide fragments of CAR for use 
as immunogens. The antigenic peptide of CAR comprises at least 8 amino acid residues 
of the amino acid sequence shown in SEQ ID NO:2 or SEQ ID NO:4 and encompasses 

1 5 an epitope of CAR such that an antibody raised against the peptide forms a specific 
immune complex with CAR. Preferably, the antigenic peptide comprises at least 10 
amino acid residues, more preferably at least 1 5 amino acid residues, even more 
preferably at least 20 amino acid residues, and most preferably at least 30 amino acid 
residues. Preferred epitopes encompassed by the antigenic peptide are regions of CAR 

20 that are located on the surface of the protein, e.g., hydrophilic regions. 

A CAR immunogen typically is used to prepare antibodies by immunizing a 
suitable subject, (e.g., rabbit, goat, mouse or other mammal) with the immunogen. An 
appropriate immunogenic preparation can contain, for example, recombinantly 
expressed CAR protein or a chemically synthesized CAR peptide. The preparation can 

25 further include an adjuvant, such as Freund's complete or incomplete adjuvant, or similar 
immunostimulatory agent. Immunization of a suitable subject with an immunogenic 
CAR preparation induces a polyclonal anti-CAR antibody response. 

Accordingly, another aspect of the invention pertains to anti-CAR antibodies. 
The term "antibody" as used herein refers to immunoglobulin molecules and 

30 immunologically active portions of immunoglobulin molecules, i.e., molecules that 

contain an antigen binding site which specifically binds (immunoreacts with) an antigen, 
such as CAR. Examples of immunologically active portions of immunoglobulin 
molecules include F(ab) and F(ab')2 fragments which can be generated by treating the 
antibody with an enzyme such as pepsin. The invention provides polyclonal and 

35 monoclonal antibodies that bind CAR. The term "monoclonal antibody" or "monoclonal 
antibody composition", as used herein, refers to a population of antibody molecules that 
contain only one species of an antigen binding site capable of immunoreacting with a 
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particular epitope of CAR. A monoclonal antibody composition thus typicallydisplays 
a single binding affinity for a particular CAR protein with which it —reacts. 
Polyclonal anti-CAR antibodies can be prepared as descnbed above by 

ionizing a suitable subject with a CAR immunogen. T*e anti-CAR antibody uterm 
* k p monitored over time by standard techniques, such as with 

5 the immunized subject can be monitored over time y Ifdesired 

an enzyme linked immunosorbent assay (ELISA) using immobilized CAR. If d sired, 

the antibody molecules directed against CAR can be isolated from the mammal (e.g., 

from the blood) and further purified by well known techniques, such as proton A 

chromatography to obtain the IgG fraction. At an appropriate time after im— n, 

10 e. g ., when the anti-CAR antibody titers are highest, antibody-producing c lis .an be 

obtained from the subject and used to prepare monoclonal antibody by 

techniques, such as the hybridoma technique originally described by Kohler and 

127-53*46; Brown et al. (1980) J. Biol. Chem .255:4980-83; Yeh et al. (1976) PNAS 
15 76:2927-31; and Yeh et al. (1982) Int. J. Cancer ^^^T^T 
cell hybridoma technique (Kozbor et al. (1983) Immunol Today 4:72), Ae ' 
hybridoma technique (Cole et al. (1985), Monoclonal Antibodies and Cancer Therapy, 
ManRLiss, Inc., pp. 77-96)ortrioma techniques. The tecl.ology fo.produc.g 
m onoclonal antibody hybridomas is well know, (see generally R ™°™f" 
20 Monoclonal Antibodies: A Ne, Dimension In B iolo g ical Analyses ?^Ms^s 
Corp., New York, New York (1980); E. A. Lemer (1981) Yale J. Btol. Med 
54-387-402- M. L. Gefter et al. (1977) Somatic Cell Genet. 3:231-36). Briefly, an 
mortal cell line (typically a myeloma) is fused to 

from a mammal immunized with a CAR immunogen as descnbed above, and the culture 
25 supematants of the resulting hybridoma cells are screened to identify a hybridoma 
producing a monoclonal antibody that binds CAR 

Any of the many well known protocols used for fusing lymphocytes and 
immortalized cell lines can be applied for the purpose of generating an anti-CAR 
monoclonal antibody (see, e.g., G. Ga.fre et al. (1977) Nature 266:55052, Gefter et al. 
30 Somatic Cell Gene,, cited supra; Lemer, Yale J. Biol. Med., cited I supra; Kenneth 
Monoclonal Antibodies, cited supra). Moreover, the ordinarily skilled worker will 
appreciate that there are many variations of such methods which also would be useful. 
Typically, the immortal cell line (e.g., a myeloma cell line) is derived from the same 
mammalian species as the lymphocytes. For example, murine hybridomas can be made 
35 by fusing lymphocytes from a mouse immunized with an immunogenic preparation of 
the present invention with an immortalized mouse cell line. Preferred immortal cell 
lines are mouse myeloma cell lines that are sensitive to culture medium containing 
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hypoxanthine, aminopterin and thymidine ("HAT medium"). Any of a number, of 
myeloma cell lines can be used as a fusion partner according to standard techniques, 
e.g., the P3-NSl/l-Ag4-l, P3-x63-Ag8.653 or Sp2/0-Agl4 myeloma lines. These 
myeloma lines are available from ATCC. Typically, HAT-sensitive mouse myeloma 
5 cells are fused to mouse splenocytes using polyethylene glycol ("PEG"). Hybridoma 
cells resulting from the fusion are then selected using HAT medium, which kills unfused 
and unproductively fused myeloma cells (unfused splenocytes die after several days 
because they are not transformed). Hybridoma cells producing a monoclonal antibody 
of the invention are detected by screening the hybridoma culture supernatants for 

1 0 antibodies that bind CAR, e.g., using a standard ELISA assay. 

Alternative to preparing monoclonal antibody-secreting hybridomas, a 
monoclonal anti-CAR antibody can be identified and isolated by screening a 
recombinant combinatorial immunoglobulin library (e.g., an antibody phage display 
library) with CAR to thereby isolate immunoglobulin library members that bind CAR. 

15 Kits for generating and screening phage display libraries are commercially available 

(e.g., the Pharmacia Recombinant Phage Antibody System, Catalog No. 27-9400-0 1 ; and 
the Stratagene SurJZAP™ Phage Display Kit, Catalog No. 2406 1 2). Additionally, 
examples of methods and reagents particularly amenable for use in generating and 
screening antibody display library can be found in, for example, Ladner et al. U.S. 

20 Patent No. 5,223,409; Kang et al. PCT International Publication No. WO 92/18619; 
Dower et al. PCT International Publication No. WO 91/17271 ; Winter et al. PCT 
. International Publication WO 92/20791 ; Markland et al. PCT International Publication 
No. WO 92/15679; Breitling et al. PCT International Publication WO 93/01288; 
McCafferty et al. PCT International Publication No. WO 92/01047; Garrard et al. PCT 

25 International Publication No. WO 92/09690; Ladner et al. PCT International Publication 
■ No. WO 90/02809; Fuchs et al. (1991) Bio/Technology 9:1370-1372; Hay et al. (1992) 
Hum. Antibod. Hybridomas 3:81-85; Huse et al. (1989) Science 246:1275-1281; 
Griffiths et al. (1993) EMBO J 12:725-734; Hawkins et al. (1992) J. Mol. Biol 226:889- 
896; Clarkson et al. (1991) Nature 352:624-628; Gram et al. (1992) PNAS 89:3576- 

30 3580; Garrad et al. (1991) Bio/Technology 9:1373-1377; Hoogenboom et al. (1991) Nuc. 
Acid Res. 19:4133-4137; Barbas et al. (1991) PNAS 88:7978-7982; and McCafferty et 
al. Nature (1990) 348:552-554. 

Additionally, recombinant anti-CAR antibodies, such as chimeric and humanized 
monoclonal antibodies, comprising both human and non-human portions, which can be 

35 made using standard recombinant DNA techniques, are within the scope of the 

invention. Such chimeric and humanized monoclonal antibodies can be produced by 
recombinant DNA techniques known in the art, for example using methods described in 
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-i Application No PCT/US86/02269; Akira, et al. European 
Robinson etal. International Application 

,. . 1WI R7 . Tanieuchi M., European Patent Application 171,4*0, 
Patent Application 184,187, > P gt a , pcT Intema tional 

Morrison et al. European Patent Application 173 494, Neuberg 

• • x, win sfi/m S3V Cabillv et al. U.S. Patent No. 4,816,567, Lawny 
Publication No. WO 86/0153.3, <~aoiny ei M , 1(vr >. Liu 

,• . n< nr<- Retteretal (1988) Science 240:1041-1U4J, liu 
5 European Patent Appl.cauon 125,023, Better et ai. ; 

t ,1 n9871 PAMS 84 3439-3443; Liu et al. (1987) 7. W 139:3521-3526, Sun et 
etal. (1987) m« • 47-999-1005; Wood et 

al ( i987)?^S84:214-218;Nishimuraetal.(1987)C fl « C .^4/.yv . 

d 1985 M» 3 14:446-449; and Shaw et al. (1988) J. Natl Cancer Ins, 80. 553- 
t Moln, S. L. (1985) «~ 229:1202-1207; Oi et al. <> « 
10 4 214 Winter U.S. Patent 5,225,539; Jones et al. (1986) Nature 321: 52-525, 
Verho'eTan et al. (1988) Science 239:1534; and Beidler et al. (1988), Immunol. 

H1 "CAR antibody (e.g., monoclonal antibody) can be used to isolate CAR 
by standard techniques, such as affinity chromatography or ^o^^ 
, < antfcAR antibody can facilitate the purification of natural CAR from cells and of 

^^^CAR^i-tatceD. Moreover,ananti-CARantibody 

o evaluate the abundance and pattern of expression of the CAR protetn. AnU-C AR 
^bodies can be used diagnostically to monitor protein levels tn Ussue as part of a 
antibodies can determine the efficacy of a given 

20 clinical testing procedure, e.g., to, for example, aeiermi 

treatment regimen. Detection can be facilitated by coupling (i.e., physical y hnkmg) the 

enzymes, prosthetic groups, fluorescent materials, luminescent materials 
b'Lnescent materials, and radioactive materials. Examples of smtable enzymes 
25 include horseradish peroxidase, alkaline phosphatase, P -ga.actos,dase or 

acetylcholinesterase; examples of suitable prosthetic group complexes mclude 

umbelliferone, fluorescein, fluorescein isothiocyanate, rhodarmne 
drchlorotriazinylarnine fluorescein, dansyl chloride or phycoerythnn; an example of 
30 ulLcentm terial includes luminol; examples of bioluminescent matenals include 
!XZ luciferin, and ae q uorin, and examples of suitable radioactive matenal mclude 
125 I, ,31 I, 35 Sor 3 H. 

IV Pharmaceutical Compositions 
„ T,, e CAR ™Mo acid molecules, CAR proems, CAR modularors, and ant, 

CAR anybodies (also referred ,o herein as "active compounds") of the invention can lac 
infold J P>— deal -positions suitable for od.iniso.Oon ,0 a sob^ 
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e.g., a human. Such compositions typically comprise the nucleic acid molecule, protein, 
modulator, or antibody and a pharmaceutical^ acceptable carrier. As used herein the 
language "pharmaceutically acceptable carrier" is intended to include any and all 
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and 
5 absorption delaying agents, and the like, compatible with pharmaceutical administration. 
The use of such media and agents for pharmaceutical^ active substances is well known 
in the art. Except insofar as any conventional media or agent is incompatible with the 
active compound, such media can be used in the compositions of the invention. 
Supplementary active compounds can also be incorporated into the compositions. 

10 A pharmaceutical composition of the invention is formulated to be compatible 

with its intended route of administration. Examples of routes of administration include 
parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation), 
transdermal (topical), transmucosal, and rectal administration. Solutions or suspensions 
used for parenteral, intradermal, or subcutaneous application can include the following 

15 components: a sterile diluent such as water for injection, saline solution, fixed oils, 
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; 
antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as 
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic 
acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of 

20 tonicity such as sodium chloride or dextrose. pH can be adjusted with acids or bases, 
such as hydrochloric acid or sodium hydroxide. The parenteral preparation can be 
enclosed in ampoules, disposable syringes or multiple dose vials made of glass or 
plastic. 

Pharmaceutical compositions suitable for injectable use include sterile aqueous 
25 solutions (where water soluble) or dispersions and sterile powders for the 
extemporaneous preparation of sterile injectable solutions or dispersion. For 
intravenous administration, suitable earners include physiological saline, bacteriostatic 
water, Cremophor EL™ (BASF, Parsippany, NJ) or phosphate buffered saline (PBS). In 
all cases, the composition must be sterile and should be fluid to the extent that easy 
30 syringability exists. It must be stable under the conditions of manufacture and storage 
and must be preserved against the contaminating action of microorganisms such as 
bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for 
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid 
polyetheylene glycol, and the like), and suitable mixtures thereof. The proper fluidity 
35 can be maintained, for example, by the use of a coating such as lecithin, by the 

maintenance of the required particle size in the case of dispersion and by the use of 
surfactants. Prevention of the action of microorganisms can be achieved by various 
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as co* acid, ^T^^^uL such as m»«ol, rtM sodium 
isoronrn agents, for a. e, su P rfte „ te 

7 . CAR oro.ein or anti-CAR antibody) in the requited amount tn an 

.nicroctysullina celHdose, gutn rragacanth or •^"^ ^ , , uWcanl 
lac .ose, a dismtegraring agan, such as dioxide- a 

30 methyl salicylate, or orange flavoring. nimdsare delivered in the form of an 

For administration by inhalation, the compounds are delivered in 
aerosol Jray from pressured container or dispenser which contains a suitable propellant, 
oo * such as carbon dioxide, or a nebulizer. 
8 " 6 slrni administration can aiao be by _sal or rrartsdenn ai mean. For 

SSI for —* fo, ,—sa, — — • <~ b '" * "* 
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fusidic acid derivatives. Transmucosal administration can be accomplished through the 
use of nasal sprays or suppositories. For transdermal administration, the active 
compounds are formulated into ointments, salves, gels, or creams as generally known in 
the art. 

5 The compounds can also be prepared in the form of suppositories (e.g., with 

conventional suppository bases such as cocoa butter and other glycerides) or retention 
enemas for rectal delivery. 

In one embodiment, the active compounds are prepared with carriers that will 
protect the compound against rapid elimination from the body, such as a controlled 

10 release formulation, including implants and microencapsulated delivery systems. 
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate, 
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. 
Methods for preparation of such formulations will be apparent to those skilled in the art. 
The materials can also be obtained commercially from Alza Corporation and Nova 

1 5 Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to infected 
cells with monoclonal antibodies to viral antigens) can also be used as pharmaceutically 
acceptable carriers. These can be prepared according to methods known to those skilled 
in the art, for example, as described in U.S. Patent No. 4,522,81 1. 

It is especially advantageous to formulate oral or parenteral compositions in 

20 dosage unit form for ease of administration and uniformity of dosage. Dosage unit form 
as used herein refers to physically discrete units suited as unitary dosages for the subject 
to be treated; each unit containing a predetermined quantity of active compound 
calculated to produce the desired therapeutic effect in association with the required 
pharmaceutical carrier. The specification for the dosage unit forms of the invention are 

25 dictated by and directly dependent on the unique characteristics of the active compound 
and the particular therapeutic effect to be achieved, and the limitations inherent in the art 
of compounding such an active compound for the treatment of individuals. 

The nucleic acid molecules of the invention can be inserted into vectors and used 
as gene therapy vectors. Gene therapy vectors can be delivered to a subject by, for 

30 example, intravenous injection, local administration (see U.S. Patent 5,328,470) or by 
stereotactic injection (see e.g., Chen et al. (1994) PNAS 91:3054-3057). The 
pharmaceutical preparation of the gene therapy vector can include the gene therapy 
vector in an acceptable diluent, or can comprise a slow release matrix in which the gene 
delivery vehicle is imbedded. Alternatively, where the complete gene delivery vector 

35 can be produced intact from recombinant cells, e.g. retroviral vectors, the 

pharmaceutical preparation can include one or more cells which produce the gene 
delivery system. 
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• , „ cil ; n „c can be included in a container, pack, or 
The pharmaceutical compositions can oe inuu 

dispenser together with instructions for administration. 

v t T-r- nnri Me thods of the Invention 
, ^ „ leicaciimo^^eins, protein homologues, 

rfTLw herein can be used in one « more of .he oUovnng me*^) 
IT— assays, 2) diagnostic ^ I'l to 
prol emo f me invention has infect. », enay — 

be used to, for example, modulate me anachmen ^ 

of Che invention can be used to express CAR pro ein (e.g , 

veclOT in a bos, ce,, in E ene rherapy appUca^ £ ^ „ 

15 r^d — «^js:^:-rrs« 

CAR protein activity. 

on a Drug Screen inp Assays: 

^ — provides memoes for identify compounds o, agenrs wtach can 
be JZL disorders characterized by (or associated »m, CAR -era actd 
pression and/or CAR protein activity. These methods are also refer- .0 he™ 
greening assays and typically include the srep *™ ' 
25 impound ^7* — Cr^— 

' el * have one or more of rhese abiliriea can be used as drogs ,0 «. dtsorders 

^"'"m bodimen, me tnvention provides assays for soreenmg Candida,^ 
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protein or portion thereof to form a complex, and detecting the formation of a complex, 
in which the ability of the candidate compound to interact with (e.g., bind to) the CAR 
protein or portion thereof is indicated by the presence of the candidate compound in the 
complex. Formation of complexes between the CAR protein and the candidate 
5 compound can be quantitated, for example, using standard immunoassays. 

In another embodiment, the invention provides screening assays to identify 
candidate/test compounds which modulate (e.g., stimulate or inhibit) the interaction (and 
most likely CAR activity as well) between a CAR protein and a molecule (target 
molecule) with which the CAR protein normally interacts. Examples of such target 

10 molecules includes proteins in the same signaling path as the CAR protein, e.g., proteins 
which may function upstream (including both stimulators and inhibitors of activity) or 
downstream of the CAR protein. Typically, the assays are cell-free assays which 
include the steps of combining a CAR protein or a biologically active portion thereof, a 
CAR target molecule (e.g., a CAR ligand) and a candidate/test compound, e.g., under 

15 conditions wherein but for the presence of the candidate compound, the CAR protein or 
biologically active portion thereof interacts with (e.g., binds to) the target molecule, and 
detecting the formation of a complex which includes the CAR protein and the target 
molecule or detecting the interaction/reaction of the CAR protein and the target 
molecule. Detection of complex formation can include direct quantitation of the 

20 complex by, for example, measuring inductive effects of the CAR protein. A 

statistically significant change, such as a decrease, in the interaction of the CAR and 
target molecule (e.g., in the formation of a complex between the CAR and the target 
molecule) in the presence of a candidate compound (relative to what is detected in the 
absence of the candidate compound) is indicative of a modulation (e.g., stimulation or 

25 inhibition) of the interaction between the CAR protein and the target molecule. 
Modulation of the formation of complexes between the CAR protein and the target 
molecule can be quantitated using, for example, an immunoassay. 

To perform the above drug screening assays, it is desirable to immobilize either 
CAR or its target molecule to facilitate separation of complexes from uncomplexed 

30 forms of one or both of the proteins, as well as to accommodate automation of the assay. 
Interaction (e.g., binding of) of CAR to a target molecule, in the presence and absence of 
a candidate compound, can be accomplished in any vessel suitable for containing the 
reactants. Examples of such vessels include microtitre plates, test tubes, and micro- 
centrifuge tubes. In one embodiment, a fusion protein can be provided which adds a 

35 domain that allows the protein to be bound to a matrix. For example, glutathione-S- 
transferase/ CAR fusion proteins can be adsorbed onto glutathione sepharose beads 
(Sigma Chemical, St. Louis, MO) or glutathione derivatized microtitre plates, which are 
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then combined with the cell .ysa.es (e.g. 35 S -labeled) and the candidate compound, and 
the mixture incubated under conditions conducive to complex fomtatton (e.g., 
Weal conditions for sa„ and P H). Following incubation, ft. bonds are t«M 
« ^ unbound label, and the ntarrix im.obi.ized and radio label detected 
5 IZy or h^the supernatant after the complexes are dissociated. Altemattvely, dt= 
J! Ls can be dissociated from the matrix, separated by SDS-PAGE, and *e level of 
STr binding prorein found in tbe bend fraction quantised from the gel ustng srandnrd 

electrophoretic techniques. 

Other techniques for immobilizing proteins on matnees oan also be used m the 
„ drug screening assays of the invention. Fo, example, either CAR or i* 

can be immobilized urilizing conjugation of biorin and ^^"^^ 
molecules can be prepared front biotin-NHS (N-hydroxy-sucmntrntde) us, g techmque s 
„el, known in rhe ar, (e.g., btotinyla.ion kit, Pierce Chemicals, Rockford, HA-d 
mobilized in the wells of sueptavidin-coated 96 well plates (Berne Chemtad 
,5 Altemarively, antibodies reactive with CAR bu, which do not tnterfer. wad, btndtng of 
2 plin ,0 itstargermolecule con be derivatized to the wells 0, the plate, and CAR 
Iped in wells by antibody conjugation. As described above, preparauons of a 
binding protein and a candidate compound are incubated in the CAR-presenring 
of the late, and the amount of complex trapped in dte well enn be quanttMed. 
20 Sods for detecting such complexes, in addirion ,0 those described above fo, «* 
CST-immobilized complexes, include immunodetection of complies ustng anbb^tes 
reactive vri* the CAR targe, molecule, or which ate reactive with CAR prole,, and 
compete with the target molecule; as well as enzyme-linked assays whtch rely on 
detecting an enzymatic activity associated with the target molecule 
25 Lettmome, embodiment, the invention provides a method for tdenttfytng n 

compound (e.g., a screening assay) capable of use in the treatment of a dander 
characterized by (or assooiated with) CAR nucleic acid expresston or CAR protetn 
t2*. This medtod typically includes the step of assaying dte ability of me impound 
or agent to modulate the exptession of dte CAR nucleic acid or the activity of the CAR 
30 protein theteby identifying a compound for .rearing a disotdet characterized by CAR 
nucleic acid expression o, CAR protein acdvity. Disorder chtmactertzed by CAR 
nucleic acid expression or CAR protein activity are described he™, Methods for 
raying dte ability of the compound or agent to modulate the expresston of the CAR 
nucleic acid or activity of the CAR protein are typically cell-based assay, For example, 
35 cells can be induced to ovcrexpress a CAR protein in the presence and absence of a 
candidate compound. Candidate compounds which produce a stattsttcully stgntftean, 
change in C AR-dep=nden. responses (either stimuladon or inhibition) can be identtfted. 
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In one embodiment, expression of the CAR nucleic acid or activity of a CAR protein is 
modulated in cells and the effects of candidate compounds on the readout of interest 
(such as rate of cell proliferation or differentiation) are measured. For example, the 
expression of genes which are up- or down-regulated, in response to a CAR-dependent 
5 signal cascade can be assayed. In preferred embodiments, radiolabeled coxsackievirus 
or adenovirus, as wellas, competition binding assay, are used for detection and 
quantitation. 

Alternatively, modulators of CAR expression (e.g., compounds which can be 
used to treat a disorder characterized by CAR nucleic acid expression or CAR protein 

10 activity) can be identified in a method wherein a cell is contacted with a candidate 

compound and the expression of CAR mRNA or protein in the cell is determined. The 
level of expression of CAR mRNA or protein in the presence of the candidate compound 
is compared to the level of expression of CAR mRNA or protein in the absence of the 
candidate compound. The candidate compound can then be identified as a modulator of 

1 5 CAR nucleic acid expression based on this comparison and be used to treat a disorder 
characterized by CAR nucleic acid expression. For example, when expression of CAR 
mRNA or protein is greater (statistically significantly greater) in the presence of the 
candidate compound than in its absence, the candidate compound is identified as a 
stimulator of CAR mRNA or protein expression. Alternatively, when expression of 

20 CAR mRNA or protein is less (statistically significantly less) in the presence of the 
candidate compound than in its absence, the candidate compound is identified as an 
inhibitor of CAR mRNA or protein expression. The level of CAR mRNA or protein 
expression in the cells can be determined by methods described herein for detecting 
CAR mRNA or protein. 

25 In yet another aspect of the invention, the CAR proteins can be used as "bait 

proteins" in a two-hybrid assay (see, e.g., U.S. Patent No. 5,283,317; Zervos et al. 
(1993) Cell 72:223-232; Madura et al. (1 993) J. Biol Chem. 268:12046-12054; Bartelet 
al. (1993) Biotechniques 14:920-924; Iwabuchi et al. (1993) Oncogene 8:1693-1696; 
and Brent WO94/10300), to identify other proteins, which bind to or interact with CAR 

30 ("CAR-binding proteins" or "CAR-bp") and modulate CAR protein activity. Such 

CAR-binding proteins are also likely to be involved in the propagation of signals by the 
CAR proteins as, for example, upstream or downstream elements of the CAR pathway. 

The two-hybrid system is based on the modular nature of most transcription 
factors, which consist of separable DNA-binding and activation domains. Briefly, the 

35 assay utilizes two different DNA constructs. In one construct, the gene that codes for 
CAR is fused to a gene encoding the DNA binding domain of a known transcription 
factor (e.g., GAL-4). In the other construct, a DNA sequence, from a library of DNA 
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„. tha, encodes an unidentified protein ( W or WO « »- ^ 
a . the activation domain of the taovm tnmser.pt.on fan"*. Ifthe bait una 

r £ Z2 Z awe -o inreraet, - ^ forming an CAR^epEndentcomplex^Uie 
DNA « ng and activation domains of the transcription factor are brought tnto dose 
5 Z*X ™s P-imHy allows tmnscnption of a reporter gene ,..g., 

- ■ — ona, regulator, site responsive to me —on faoror. 
Express on of .he reporter gene can be detected and cell colonies contatnrng ma 

encodes the protein which interacts with CAR. 
, o Modulators of CAR protein acrivhy and,or CAR nucleic aotd expression 

identifted according ,o these drug screening assays can be used to treat mfecaor* 
t ting for example, rhc hear,, pancreas, atrd centra, nervous system as well as *e 

St -d gaslntesrina, ,rac,s. Examples of other dtseaaas or disorto which 
plated using motors of CAR prorein activity and/or nucleto acid 
15 expression » described in Grist, N. R and Raid, D. (1993). Eptdemtology of total 
XL of the hear,, m Vira, Infections of me HearU. L 
Edward Arnold), pp. 23-3.; Yoon, J. W„ Austin, M., Onodera, T. - 
,,979) Virus-induced diobe.es melli.ua. Isolation of a vtrus from the pan^easof a chrld 

20 J (1980). Viral myocarditis. Am. J. Pathol. 101. 427-479; Nakao T Nma, T. Mium, 
R Ogata, Kume, T., Nobuta, K. and Hinuma, Y. (1 964). Clinical and 
epidemiolgi al studies on an outbreak of aseptic meningitis caus* by coxsacta. B 
Id A9 viruses in Aomori in ,961. Tohohu Journal of Experimental M-—*£ 
To2 Lenrer A. M. and Wilson, F. M. (1973). Virus myocardioparhy. Prog. Med. Vtrol. 

25 75 63-91 These methods of treatment include the steps of administenng the 
modulators of CAR protein activity and/or nucleic acid expression, e.g., in a 
"armaeemica. composition as described in subsection IV above, to a subjec, m need of 
such treatment, e.g., a subject with cardiac infection. 

30 b. Bagnoilig Assays: . 

The invenrion furrher provides a method for detecting the presence of CAR in 
biological sample. The method involves con.ac.ing me biological ' 
m ,L„d or an acent capable of de.ee.ing CAR protein or mRNA such .hat me 
Z^tLL in the biological sample. A preferred agen, for deteCmg 
« tTrTrNA is a labeled or labelable nucleic acid probe capable of hybridizing to CAR 
m "e nu^ Lid probe can be, fo, example, the full-lengm CAR cDNAof SEQ 
r D ^01 « me nucleic acid se,uence of the DNA insertof me plasmid deposited wim 
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the EMBL Accession Number Y07593, or SEQ ID NO:3, or a portion thereof, such as 
an oligonucleotide of at least 15, 30, 50, 100, 250 or 500 nucleotides in length and 
sufficient to specifically hybridize under stringent conditions to CAR mRNA. A 
preferred agent for detecting CAR protein is a labeled or labelable antibody capable of 
5 binding to CAR protein. (See, Hsu, K.-H. L., Lonberg-Holm, K., Alstein, B. and 
Crowell, R. L. (1988). A monoclonal antibody specific for the cellular receptor for the 
group B coxsackieviruses. J. Virol. 62, 1647-1652). Antibodies can be polyclonal, or 
more preferably, monoclonal. An intact antibody, or a fragment thereof (e.g., RmcB) 
can be used. The term "labeled or labelable", with regard to the probe or antibody, is 

10 intended to encompass direct labeling of the probe or antibody by coupling (i.e., 

physically linking) a detectable substance to the probe or antibody, as well as indirect 
labeling of the probe or antibody by reactivity with another reagent that is directly 
labeled. Examples of indirect labeling include detection of a primary antibody using a 
fluorescently labeled secondary antibody and end-labeling of a DNA probe with biotin 

1 5 such that it can be detected with fluorescently labeled streptavidin. The term "biological 
sample" is intended to include tissues, cells and biological fluids isolated from a subject, 
as well as tissues, cells and fluids present within a subject. That is, the detection method 
of the invention can be used to detect CAR mRNA or protein in a biological sample in 
vitro as well as in vivo. For example, in vitro techniques for detection of CAR mRNA 

20 include Northern hybridizations and in situ hybridizations. In vitro techniques for 
detection of CAR protein include enzyme linked immunosorbent assays (ELISAs), 
Western blots, immunopfecipitations and immunofluorescence. Alternatively, CAR 
protein can be detected in vivo in a subject by introducing into the subject a labeled anti- 
CAR antibody. For example, the antibody can be labeled with a radioactive marker 

25 whose presence and location in a subject can be detected by standard imaging 
techniques. 

In one preferred embodiment of the detection method, the biological sample is a 
cardiac cell sample. A tissue section, for example, a freeze-dried or fresh frozen section 
of tissue removed from a patient, can be used as the cardiac cell sample. Alternatively, 
30 the biological sample can comprise a biological fluid obtained from a subject having a 
cardiac infection. 

The invention also encompasses kits for detecting the presence of CAR in a 
biological sample. For example, the kit can comprise a labeled or labelable compound 
or agent capable of detecting CAR protein or mRNA in a biological sample; means for 
35 determining the amount of CAR in the sample; and means for comparing the amount of 
CAR in the sample with a standard. The compound or agent can be packaged in a 
suitable container. The kit can further comprise instructions for using the kit to detect 
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CAR mRNA or protein. lesions fa a CAR 

„„.„«„. „-«~~r-2,-.=»~» 

, t - ^ c nf a CAR eene 4) a chromosomal rearrangement of a CAR gene, i) 
nucleotides of a CAK gene, * aberrant 

,5 CAR gene, 8) a non-w„d typa eve of C AR pn« m 9) 

,0) inappropriate ^ ""*f^ ^ * *■ - ««* - ta -« 
herein, there are a large number of assay techniques known 

fnr detectina lesions in a CAR gene. 

T « i W VkIS 91 360-364), the latter of which can be pamcnlariy u*M 

Naktrzawa et al. (1994) PNAi » J ^ ^ ^ 

for detecting point mutattons tn the CAR-gen. (« rf ^ 

25 to .23:675-682). This method can mclude the steps ofcol, J ^ 

from a patient, isolating nucleic acid (e.g., genomrc mRNA bom) 

^r:s;ssx~..e»-.~--*-- 

control DNA indicates mutations in the sample DNA. Moreover, tn 
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specific ribozymes (see, for example, U.S. Patent No. 5,498,531) can be used to score 
for the presence of specific mutations by development or loss of a ribozyme cleavage 
site. 

In yet another embodiment, any of a variety of sequencing reactions known in 
5 the art can be used to directly sequence the CAR gene and detect mutations by 

comparing the sequence of the sample CAR with the corresponding wild-type (control) 
sequence. Examples of sequencing reactions include those based on techniques 
developed by Maxim and Gilbert ((1977) PNAS 74:560) or Sanger ((1977) PNAS 
74:5463). A variety of automated sequencing procedures can be utilized when 

1 0 performing the diagnostic assays ((1 995) Biotechniques 1 9:448), including sequencing 
by mass spectrometry (see, e.g., PCT International Publication No. WO 94/16101; 
Cohen et al. (1996) Adv. Chromatogr. 36:127-162; and Griffin et al. (1993) Appl 
Biochem. Biotechnol 38:147-159). 

Other methods for detecting mutations in the CAR gene include methods in 

1 5 which protection from cleavage agents is used to detect mismatched bases in RNA/RN A 
or RNA/DNA duplexes (Myers et al. (1985) Science 230:1242); Cotton et al. (1988) 
PNAS 85:4397; Saleeba et al. (1992) Meth. Enzymol 217:286-295), electrophoretic 
mobility of mutant and wild type nucleic acid is compared (Orita et al. (1989) PNAS 
86:2766; Cotton (1993) Mutat Res 285:125-144; and Hayashi (1992) Genet Anal Tech 

20 Appl 9:73-79), and movement of mutant or wild-type fragments in polyacrylamide gels 
containing a gradient of denaturant is assayed using denaturing gradient gel 
electrophoresis (Myers etal (1985) Nature 313:495). Examples of other techniques for 
detecting.point mutations include, selective oligonucleotide hybridization, selective 
amplification, and selective primer extension. 

25 

c. Methods of Treatment 

Another aspect of the invention pertains to methods for treating a subject, e.g., a 
human, having a disease or disorder characterized by (or associated with) CAR nucleic 
acid expression and/or CAR protein activity. These methods include the step of 

30 administering a CAR modulator to the subject such that treatment occurs. As the CAR 
protein is involved in the attachment and infectivity or entry of the coxsackievirus and 
the adenovirus, CAR activity or expression creates an increased risk of infection. Non- 
limiting examples of disorders or diseases characterized by or associated with CAR 
activity or expression include infections affecting the heart, pancreas, and central 

35 nervous system, as well as, the respiratory and gastrointestinal tracts. Cardiac infections 
are disorders which detrimentally affect normal cardiovascular function. Examples of 
cardiac infections include acute viral myocarditis and pericarditis, as well as, dilated 
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cardiomyopathy. Panoptic and central nervous sysrent tnfections are disorder, which 
2S, aL. Ure no™, function of the pancreas and cenha »~ «~ e.g.. 

„,e panerlim, meningoencephalitis, and non-specific febriie dlnesse, Anodter 
disorder characterized by or aviated with CAR activity or 
5 ehiidhood onse, diabetes. Addi.ionai methods of ihe tn.em.on mdude mefitods 

hearing a subject having a disorder characterized by CAR acuvtty or express on. These 
" h" s include adminisrering to the subject a CAR modulator soch that treatment 0 
Z ul. occurs. The terms -.rearing- or "trearmenf, as used hereto refer «o reduc.,00 

,0 diseaseordisordercharacrerizedbyorasaociaredwidtCARprotetnactrvtryorCAR 

nucleic acid expression. . rAP 

As used herein, a CAR modulator is a molecule which can modulate CAR 

• Ainr PAR Drotein activity. For example, a CAR modulator 
nucleic acid expression and/or CAR protein activity. PAR. nucleic acid 

can modulate, e.g., u P -re g u.ate (activate) or down-regulate suppr s ), CAR^ucl-c 
,5 expression. In another example, a CAR modulator can modulate (e.g., stimulate or 
inhibit) CAR protein activity. If it is desirable to treat a disease or d,sorder 
charac erized by (or associated with) CAR nucleic acid expression and/or CAR protetn 
"y inhibiting CAR nucleic acid expression, a CAR modulator can be an 
I L molecule, e.g., a Hbozyme, as described herein. Examples of = 
20 mo.ecules which can be used to inhibit CAR nucleic acid expression include an , ense 
2 ecules which are complementary to a portion of the 5' untranslated region of SEQ ID 
molecules wmcn v ^ deposited with the 

NO:l , or the nucleic acid sequence of the DNA insert 01 in v 

-x, u PrY n7S91 or SEQ ID NO:3 which also includes the start 
EMBL Accession Number Y0759J, or acv iL- in w.j 

codon and antisense molecules which are complementary to a portton of dte 3 
25 translated region of SEQ fD NO:,, or the nucleic acid se =f ^ DNA «« o^ 
ft. plasmid deposited wirh me EMBL Accession Number Y07593 or SEQ B NO.3. A 
CAR modulator which inhibits CAR nucleic acid expression can also be a small 
Lleeole or other drug, e.g„ a small molecule or drug identified using fire soeemng 
L y s described herein, which inhibits CAR nucleic acid express™. If t, . destmble ,„ 
30 heat a disease or disorder characterized by (o, associated with) CAR nuoletc actd 

expression and/or CAR prorein activity by stimulating CAR nucleic actr Uxpresston, a 
CAR modulator can be, for example, a nucleic acid molecule encodmg CAR (e.g, 
nucl eie actd molecule comprising a nucleotide sequence homologous to dte nucleohde 
^nuance of SEQ IDNO:l, or rhe nucleic acid sequence of the DNA tnsert of the 
35 ZrW^^BMBLA^N^Wm.SEQB^-. 
mall molecule o, orhe, drug, e.g., a smaU molecule (peptide) or dreg .denuded usrng 
the screening assays described herein, which stimulates CAR nucletc ae,d expreaston. 
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Alternatively, if it is desirable to treat a disease or disorder characterized by (or 
associated with) CAR nucleic acid expression and/or CAR protein activity by inhibiting 
CAR protein activity, a CAR modulator can be an anti-CAR antibody or a small 
molecule or other drug, e.g., a small molecule or drug identified using the screening 
5 assays described herein, which inhibits CAR protein activity. If it is desirable to treat a 
disease or disorder characterized by (or associated with) CAR nucleic acid expression 
and/or CAR protein activity by stimulating CAR protein activity, a CAR modulator can 
be an active CAR protein or portion thereof (e.g., a CAR protein or portion thereof 
having an amino acid sequence which is homologous to the amino acid sequence of SEQ 

10, ID NO:2 or SEQ ID NO:4 or a portion thereof) or a small molecule or other drug, e.g., a 
small molecule or drug identified using the screening assays described herein, which 
stimulates CAR protein activity. 

Other aspects of the invention pertain to methods for modulating a cell 
associated activity. These methods include contacting the cell with an agent (or a 

1 5 composition which includes an effective amount of an agent) which modulates CAR 
activity or CAR expression such that a cell associated activity is altered relative to a cell 
associated activity of the cell in the absence of the agent. As used herein, "a cell 
associated activity" refers to a normal or abnormal activity or function of a cell. 
Examples of cell associated activities include proliferation, migration, differentiation, 

20 production or secretion of molecules, such as proteins, and cell survival. In a preferred 
embodiment, the cell is capable of serving as an attachment receptor for coxsackievirus 
or adenovirus. The term "altered" as used herein refers to a change, e.g., an increase or 
decrease, of a cell associated activity. In one embodiment, the agent stimulates CAR 
protein activity or CAR nucleic acid expression. Examples of such stimulatory agents 

25 include an active CAR protein, a nucleic acid molecule encoding CAR that has been 
introduced into the cell, and a modulatory agent which stimulates CAR protein activity 
or CAR nucleic acid expression and which is identified using the drug screening assays 
described herein. In another embodiment, the agent inhibits CAR protein activity or 
CAR nucleic acid expression. Examples of such inhibitory agents include an antisense 

30 CAR nucleic acid molecule, an anti-CAR antibody, and a modulatory agent which 
inhibits CAR protein activity or CAR nucleic acid expression and which is identified 
using the drug screening assays described herein. These modulatory methods can be 
performed in vitro (e.g., by culturing the cell with the agent) or, alternatively, in vivo 
(e.g., by administering the agent to a subject). In a preferred embodiment, the 

35 modulatory methods are performed in vivo, i.e., the cell is present within a subject, e.g., 
a mammal, e.g., a human, and the subject has a disorder or disease characterized by or 
associated with CAR activity or expression. 
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A nucleic acid molecule, a protein, a CAR modulator etc. used in the methods of 
treatment can be incorporated into an appropriate pharmaceutical composmon described 
herein and administered to the subject through a route which allows the molecule, 
protein, modulator etc. to perform its intended function. Examples of routes of 
S administration are also described herein under subsection IV. 

Another aspect of the invention pertains to a method for enhancing gene transfer 
for genetic therapy. This method typically includes the step of introducing CAR nude, 
acid or CAR peptides, or a biologically active portion thereof into the host ce to up- 
regulate, increase, or enhance attachment or entry of coxsackievirus preferably 
0 adenovirus, or both coxsackievirus and adenovirus vectors with/into the host cells 

This invention is further illustrated by the following examples winch should not 
be construed as limiting. The contents of all references, patent applications, patented 
published patent applications cited throughout this application are hereby mcorporated 
by reference. 

15 

Matrr' q i« Methods 

The following materials and methods were used throughout the following 

examples. 

A ffinity purifi cation using MAb RnicB 
20 AL -^r^^ 2 .7xl0.cHeLaS3eells( g row.bythe 

Cell Culture Center, Cellex Biosciences, Minneapolis) were homogenized in 10 mM 
Tris buffer P H 7.6 containing 2.5 mM EDTA, 2.5 mM EGTA, and protease mh.bnors 
(1 5 mM PMSF, 40 mcg/ml aprotinin, 1 mcg/ml pepstatin, and 2 mcg/ml leupeptm). 
After centrifugation at 145,000 x g for 90 minutes the pellet 
25 nuclei was homogemzed m 50 mM Tris P H 7.6, 150 mM NaCl, 2 ^ ^ol 
EGTA (Lysis Buffer, LB) containing protease inhibitors as above. Tnton X-100 was 
added to a final concentration of 1% and proteins were extracted for three hours. 
Insoluble material was removed by centrifugation for 90 min at 145,000 x g, then the 
clarified extract was precleared with CL4B Protein A-Sepharose beads overnight 
30 Additional preclearing was performed by pumping the extract through pre- 

columns containing, first, polyclonal rabbit anti-human albumin antibody (Sigma) and 
anti- pi integrin MAb DE9 (Bergelson et al., 1992) covalently coupled to Protein G- 
Sepharose (Gammabind, Pharmacia), and then a mixture of Protein A- and Protein G- 
Sepharose. Affinity chromatography was performed by pumping the precleared extract 
35 through a 1 .2 ml column containing 6 mg of MAb RmcB coupled to Protem-G 
Sepharose. Unbound proteins were removed by washing w,th ,0 0 m of LB- A 
Triton 200 ml of LB-1% Triton-0.2% sodium deoxycholate, 50 ml of 5 M LiCl-20 mM 
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Tris pH 7.6, then 20 ml of 10 mM Tris pH 8.0. Bound protein was eluted by incubating 
the column for 1 hr in 50 mM diethylamine pH 1 1.5. Fractions were then collected and 
analyzed on a silver-stained polyacrylamide gel. 

Fractions containing a 44/46 kD protein doublet were pooled, lyophilized, and 
5 heated for 5 min at 92°C in 3X Laemmli sample buffer before electrophoresis in a 10% 
SDS-polyacrylamide gel. Proteins were visualized by staining for 20 min in 20% 
methanol containing 0.5% acetic acid and 0.2% Coomassie Brilliant Blue (Biorad R- 
250), and destaining in 30% methanol as described (Rosenfeld et al. ? 1 992). 

The protein bands were excised and pooled. After in-gel digestion with trypsin, 
10 the sequences of four peptides were determined at the Harvard Microchemistry Facility 
by collisionally activated dissociation (CAD) on a Finnigan TSQ 7000 triple quadrupole 
mass spectrometer. 

r.DNA isolation, transfection. and measurement of CAR protein and mRNA expression 

15 A corresponding EST cDNA isolated from an infant brain library was identified 

by a BLAST search (Altschul et al., 1 990) of the dbEST database . A 282 bp 
Hindlll/Ndel fragment excised from the EST cDNA [emb F05 145; I.M.A.G.E. 
Consortium Clone ID 25001 (Lennon et al., 1996)] (Genome Systems, St. Louis) was 
labeled with "P and used to screen 850,000 colonies of a pcDNAI HeLa cell library 

20 (Invitrogen, San Diego) by standard techniques (Ausubel et al., 1995). Five cDNA 

clones were obtained and analyzed by restriction digestion and partial sequencing. One 
of these (named CAR) was sufficiently long to encode a protein of the expected size, 
and its complete nucleotide sequence was determined. 

Electroporation of dhfir CHO cells with CAR cDNA and a plasmid encoding 

25 dihydrofolate reductase, selection of transfectants in nucleoside-free medium, and 

fluorescence-activated cell sorting were performed as described for transfection with the 
integrin a2 subunit (Bergelson et al., 1993). 

Cell surface iodination was performed by the glucose-oxidase/lactoperoxidase 
method (Hubbard and Cohn, 1972), cell lysates were prepared in LB-1% Triton X-100, 

30 and immunoprecipitation was performed using monoclonal antibodies bound to Protein 
G-Sepharose. For RNA blot analysis, an 1 137 bp cDNA fragment encoding the CAR 
protein, excised with endonucleases PstI and Ndel, was labeled with 32 P and used to 
probe a multiple tissue northern blot (Clontech) containing 2 meg of poly A + RNA from 
each of eight human tissues. Final washes were in 0.1X SSC, 0.1% SDS at 50°C. 
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African Type Ota. 0**. -» * desoribed 

5 ^-methionine and purified by sedtmenlation on sucrose gradwn 

* . .QQ-n Plaaue assays were performed on HeLa ceil mono j 
(Bergelson et al .1993 . Plaque ass ^y ^ ^ ^ ^ 

described (Bergelson et al., 1993). Adenovi transferred 
mc ,hio„ine. .. boors afiar inficcfion ^IT^Z'Z^ of 
,0 MUM modified file's medium — C ^ a suspension) « 

added. Infected cells were harvested ^ ^ i \ 0681 The vims band from the 
aen.rifuga.ion In CsCl as described (Maize e. al 1 96ft The vtm 
saeond CsCl gradient was stored in 50% glycol "J^ „ described 

Radiolabeled vims binding assays were performed essentially 
, , 7 1 9931 Call monolayer! in 24-well plates ware mcubatad with 
, 5 (Betgelson a, al., "«>J^™ / solution conniilling 2 mM CC1 2 . 2 mM 

MgCI 2 , 1 0 mM HEPES and c 195 orwilhMAb RmoB 

m ono,ayer S wara praincobatad with conuol MAb MOPC 

(asaitaafiuiddiluud ./100),,han washed ^^"^^fc, , ho». 
2„ Coxsachio B vinses war. « ^ £££ , h£ top ,„ nl of me CsC, 

tTe'roa " sia in ,0 mM phosphate buffer (pH 7.4). 
gradients osed to punfy the virus. Alter ai y ^ Q _ 

25 :r:::CIernwi,haenmo„o,a,ersin6.we U p,u,esfor90mina,room 

adenovirus 5 fiber gene (Chroboezek and laaro, shaft » ^ 

3 0 vector fjnvitrogen). A " E . rfi Ld 

t ^ T^o ll mfiTl. ^ ellphoreais showed me presence of bod, 
b uffatcon63,n,„g250m^ For « W ,ion assays, eel. 

35 ^rpXta.edvrimO.mogof— .»- — « — 
room temperature before addition of radiolabeled vin.es. 



WO 98/11221 



PCT/US97/16189 



- 55 - 

Ad.CMV-P-gal (Manome et aL, 1996) was kindly provided by Dr. Toshi Tanaka 
(Dana-Farber Cancer Institute). For assays of p-galactosidase transduction, 150,000- 
200,000 cells/well in 24 well plates were incubated with Ad.CMV-p-gal for 1 hour at 
room temperature at multiplicities of 0-100 plaque forming units per cell, then unbound 

5 virus was removed and cells were incubated for 40 hr at 37°C. Some monolayers were 
then fixed with 2% paraformaldehyde and stained in situ by incubation with PBS 
containing 5 mM ferric and 5 mM ferrous cyanide, 1 mM MgCl2 and 1 mg/ml X-gal (5- 
bromo-4-chloro-3-indolyl-p-D-galactoside). In other experiments, monolayers were 
lysed for spectrophotometric assay of p-galactosidase using reagents provided in the 

10 Promega p-galactosidase enzyme assay system. Each monolayer was extracted with 200 
mcl of lysis buffer, then lysates were clarified by centrifugation, diluted 1/5, and mixed 
with an equal volume of development buffer containing ONPG (o-nitrophenyl p-D- 
galactopyranoside. Absorbance at 405 nm was measured at 20 second intervals for 30 
min in a kinetic microplate reader (Molecular Devices) and V max was calculated for each 

15 sample. 

Isolation of mCAR and cDNA and mCAR expressi on on transfected cells. 

A C57BI/6 mouse liver cDNA library (Gibco BRL) in the pCMV-Sport2 
mammalian expression vector was screened with an expressed sequence tag (EST) 
20 cDNA (Gen Bask W70374) found to encode a peptide sequence homologous to the C- 
terminus of human CAR. Two cDNA clones were obtained, and partial nucleotide 
■ sequences' of hte inserts were determined [clone ml, Gen Bank Y 10320; clone m2, 
GenBank Y11929]. 

Transfection of CHO dhfr cells with mCAR cDN A and selection in nucleoside- 
25 free medium were performed as described for transfection with the integrin cc2 subunit 
(3). Flow cytometry and fluorescence activated cell sorting were performed with rat 
antiserum raised against the p46 putative murine brain receptor for CB3 (30), or control 
serum from an unimmunized rat, followed by fluorescein isothiocyanate (FITC)- 
conjugated goat-antibody to rat immunoglobulin (Sigma). Sera were preadsorbed 
30 against untransfected CHO cells overnight before use. CHO cells expressing human 
CAR (2) and control CHO cells expressing the human integrin a2 subunit (3) have been 
described. 
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££D ^ac k icvirus B3 (Nancy), maintained in the laboratory of R.L.C., and 

v ZtZL JVB) were radiolabeled and purified, and virus bindmg and plaque 

5 J e y incu b ated W itbradiolabeledvi ro sf 0 r4hours. ^~s C ^o 
adenovirus-mediated gene transfer, cell monolayers were exposed to Ad.CMB-P gal 
XSZ+Jm as described (2, Adenovirus 2 fibe* and recombmant 
adenovirus 5 fiber-knob domains were prepared as descnbed (2). 



10 



15 



20 



For doteenon of !«. M*W P ^ ^ ^ ^ ^ 
human CAR protein (GanBank Y07593), exctseo f f-| ontca -h1 conraining 

,, bd ed with 32 P and used to proba a multiple ussua nonhem bio, »0 
2 me* of poly A+RNA from aach of eight adult human ttssues. A S .m.lar blot wtn 
J2 fl 2 Balb/c miaa (Clonrech) was probed with a 3 3 bp frngm«fc 

~m tba EST cDNA Cone with Xbo. and BantH, tba, -J^ET 
rmnsmembrane and cytoplasmic domain sequences tdentical m both mCAR 
clonas. Final washes were in 0.1X SSC, 0.1"/. SDS a. 50 C. 

h c57B , /6 mouse , iver cDNA BRL) m tha pCNW-Spora 

mammalian expression vector was screened with an expressed sequence tag (EST) 
Za (Gen Bask W70374) found to encode a peptide sequence homologou^ the C- 
i-if human CAR Two cDNA clones were obtained, and partial nucleotide 

"rsS of CHO * calls with mCAR cDNA and selection in nucleoside. 

free medium were performed as described for iransfecrion with ma 
, m Flow cytomauy and fluorasaanceacrivated cell somng were performed with rat 

' ZZ Z* *• P« murine bmin receptor for CB3 « or control 

senrm from an unimmunized rat, followed by fluorescent isothiocyanata (F1TC> 
o^gated goat-antibody to rat immunoglobulin (Sigma). Sam were preadsorbed 
gaU unlsfacred CHO cells ovanrigh. before use. ™0 cells 

5 CAR (2) and control CHO cells expressing the human inragrm o2 subun,, (3) have been 
described. 
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F.ypm plification 

Exam ple 1 A cDNA clone encoding CAR protein 

Monoclonal antibody (MAb) RmcB protects HeLa cells from infection by 
coxsackie B viruses (Hsu, K.-H. L., Lonberg-Holm, K., Alstein, B. and Crowell, R. L. 
5 (1988). A monoclonal antibody specific for the cellular receptor for the group B 
coxsackieviruses. J. Virol. 62, 1647-1652), andimmunoprecipitates a 46 kD protein 
from HeLa cell lysates (Figure 2B). The protein was purified by affinity 
chromatography with MAb RmcB, and the sequences of four tryptic peptides were 
determined (Figure 1 A). None of these peptides was identified in the Genbank 

1 0 nonredundant protein database, but an expressed sequence tag (EST) cDNA was 

identified that potentially encoded all four of the peptides. This EST cDNA was used to 
probe a HeLa cell library constructed in the pcDNAI expression vector, and a cDNA 
clone was obtained. Transient transfection into murine WOP cells (Dailey, L. and 
Basilico, C. (1985). Sequences in polyomavirus DNA regulatory region involved in viral 

1 5 DNA replication and early gene expression. J. Virology 54 y 739-749) and analysis by 
flow cytometry indicated that this cDNA encoded the protein recognized by MAb RmcB 
(data not shown). 

The CAR cDNA encoded a 365 amino acid transmembrane protein (Figure IB) 
with a predicted 14 a.a. leader, a 222 a.a. extracellular domain, a 22 a.a. membrane- 

20 spanning helix, and a 107 a.a. intracellular domain. Alignment of the CAR sequence 
with sequences of proteins belonging to the immunoglobulin gene superfamily 
suggested that the extracellular portion of CAR consists of two immunoglobulin-like 
" domains (Figure 1 C). Four potential sites for N-linked. glycosylation (N-X-S/T) were 
present, two of them within the predicted extracellular portion of the molecule, 

25 consistent with the observation that the apparent molecular weight of the coxsackievirus 
receptor protein is reduced after treatment with endoglycosidase F (Hsu, K.-H. L., 
Paglini, S., Alstein, B. and Crowell, R. L. (1990). Identification of a second cellular 
receptor for a coxsackievirus B3 variant, CB3-RD. In New Aspects of Positive-Strand 
RNA Viruses, M. Brinton and F. Heinz, eds. (Washington, D.C.: American Society for 

30 Microbiology), pp. 271-277). The deduced amino acid sequence of a murine CAR 

homolog was 91% identical o that of the human protein overall and 95% identical within 
the cytoplasmic domain. 

CHO dhfr- hamster cells were cotransfected with CAR cDNA, and with cDNA 
encoding dihydrofolate reductase, and after selection in nucleoside-free medium and 

35 fluorescence activated cell sorting, a cell line, CHO-CAR, was obtained that 

homogeneously expressed the putative receptor protein (Figure 2A). CAR protein was 
not detected on the surface of CHO cells transfected with a control cDNA encoding the 
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• n u A.exnected MAb RmcB immunoprecipitated a 46 kD cell 

of CHO-a2 control cells (Figure 2B). 

. 1 1 CAR protejnjur^iions as a coxsjckjadrus receptor 

5 ^^^^ h , 

, m an coxsackievirus B4, and binding was inhibited by preincubation 
coxsackievirus B3 and coxsa kie ^ ^ fa ^ human 

with MAb RmcB (F.gure 3 A> U P H emler, M. E. and 

a2pi integrin (Bergelson, J. M., Shepley, M- r., ims 
r- u own 992 , Identification of the integrin VLA-2 as a recepior 
,0 Fmberg. R. W. CHO-CAR celis, bu, did, as prevtous* 

1' .e^Ber dLn ' M * iohn, N., Kaw.guchi, S„ Cha* M., MM H, 

demonstrated (Bergelson, winwes 1 and 8 depends on the 

. T _. . D ™ 7 noQ"?l Infection by ecnoviruses i <uiu o 
Modlin, J. " ,7, 6847-6852), bind to >he CHO-o2 coo.0. 

a2 — ~ V ^ J c 2 inf ec,ed by coxsackieviruses B3 and B4, as 

15 (data nol shown). CHO-CAKceus replication (Figure 

evidenced by vW cytopathic cilcc. (no. shown) and by a«,vs ^tu, P 
3B1 These results demonstrate that the ptotctn encoded by CAR cDN A is 
Z rector, mediating ceU anachmen, aod mfecdon by — *-»« » and B4. 

20 EM»1^J^— aka5J °'^S^2and5(p,e m be re of 
Competition binding experiments suggest mat ^v'ruses t 

a BE , u ,i„a,io„ group C) bind to .the : some ceUu„ ££££ ~ 

knob at the tip oi mc i Stevenson etal., 

*" """i BTem^Jl I ^Itovires 2 (Figure 4A, aod 
as well as for coxsackieB. Remarkably, r par cells (Figure 4B). Virus 

ana T' adenovirus 35, did no, bind ,0 CHO-CAR 

" COm ' f 1T(C JZ* recombinant tnob domains did no, inhibit anachmen, of 
transfectants (Figure 4Aj, an HeLa ,. s nr^e 4 C). These results 

adenovirus 35 or the picornavirus echovirus 1 to HeLa cells (tig 
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confirm that CAR protein is a receptor responsible for specific fiber-mediated 
adenovirus attachment to cells. 

Adenovirus enters CHO cells to some extent (although the entry process is much 
less efficient than entry into HeLa cells), but there is a post-entry block to viral protein 
5 synthesis and virus replication (Longiaru and Horwitz, 1981). The efficiency of 

adenovirus-mediated gene delivery was measured, rather than virus production, to test 
whether virus attachment to the CAR protein leads to adenovirus internalization. CHO- 
CAR cells or CHO-a2 control transfectants were incubated with adenovirus 5 
engineered to encode p-galactosidase [Ad.CMV-Pgal, (Manome, Y., Wen, P. Y., Dong, 

10 Y., Tanaka, T., Mitchell, B. S., Kufe, D. W. and Fine, H. A. (1996). Viral vector 
transduction of the human deoxycytidine kinase cDNA sensitizes glioma cells to the 
cytotoxic effects of cytosine arabinoside in vitro and in vivo. Nature Medicine 2, 567- 
573] at several multiplicities of infection, and P-galactosidase activity was measured 48 
hours later. Cytotoxicity was noted at 48 hours in the CHO-CAR cells exposed to 

1 5 Ad.CMV-Pgal at high multiplicity, although the mechanism by which this defective 
virus caused cell damage is uncertain. Expression of CAR greatly enhanced gene 
transduction by adenovirus 5 as demonstrated by in-situ staining with X-gal (Figure 5A). 
When examined by light microscopy, 30-50% of CHO-CAR cells infected at a 
multiplicity of 1 PFU/cell, and virtually every cell infected at higher multiplicity, 

20 expressed p-galactosidase (not shown). Quantitative colorimetric assay on cell lysates 
(Figure 5B) was also performed. At each multiplicity of infection, enzyme activity was 
approximately 100-fold greater in the CAR transfectants than in the control cells (and 
also greater than in HeLa cells, which express endogenous CAR, but at lower levels). 
These results demonstrate that attachment to CAR on the cell surface markedly 

25 facilitates virus entry and adenovirus-mediated gene transfer. 

Example 4: Expression of CAR RNA in human tissues 

The translated portion of the CAR cDNA was used to probe a Northern blot 
containing RNA from several human tissues (Figure 6). CAR cDNA hybridized to a 6.5 
30 kb major RNA species and a minor species 3.5 kb in length. Strongest expression of 
CAR mRNA was noted in heart, pancreas and brain. Faint bands reflecting expression 
at lower levels were detected in lung and liver on the original autoradiograph. 

Example 5: Identification and expression of the murine CAR homologue (mCAR). 
35 The dbEST database was searched to identify a murine cDNA clone that could 

encode a protein homologous to human CAR, then used it to screen a mouse liver cDNA 
library. Two cDNA clones were obtained that potentially encoded proteins with over 
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90% amino acid idenrity .0 the exuacellular domain of <*" J*"* "* 
1 95% identity within the cytoplasmic domain. The predicted mCAR pept.de 

*J£ZZ identical in ^^'—^^1^ 
a, L C-,erminu S : in clone m2, me C-terminal 26 ammo acds of clone ml were 
<; rpnlacedbv 13 different amino acids. 

' CHO cells «t-toed witir each of ft. cDNAs expressed antigen double by 
m antiserum raised against the 46 KD pmative mnrine CB3 

Mohanty, and R.L. Crowell, .995, Receptor proteins on newborn WU. - » 
cells f„, coxsackievirus B3 are immunologically distinc, from those on HeU <ri s, 
10 £. Jta-A 35: 323-340), bu, were no. seined by control rat semm (F.gure 8,^d 
L no, shown,. No sraining of conrro, ce„s rmnsfecred wim *. «^ 
subuni, (CHO-a.2) was de.ec.ed. These resuhs suggest ft. mC AR ,s the CB3 bmdmg 
protein previously idenUfled in newborn mouse brain (Xu, a, al. 1 995). 

15 e...- r l. „- roxsaclrir B t in.- intepctiop wilh mCAR, 

CHO cells transfected with mCAR cDN A (clone ml or m2, CHO-mCAR), but 
no, conrrol CHO-al2 cells, bound radiolabeled CB3 and CB4 (Figure 9, and da* no, 
ZZ When exposed to CB3 and CB4, CHO-mCAR cells became infected, as 
emTrLed by L cytopathic effects (no. shown, and increase 
20 ,0). These resulu indicare ma, mCAR is a reoep.or medumng coxsackre B vmrs 
attachment and injection. 

Fxamole 1\ Adenovirus in*"*"""" with ™CAR. 

^^^^^~^^^^ac^hismc^a^i>y globular knobs, localed at me Ops 
25 of fmers ma, projec. from rhe capsid surface (Defer, C, M.T. Belin, M.L. Cadle,- 

Bol, and I. Boulanger, .990, Human ^^T^T^ 
study with members of subg ro ups B and C, J. Urology, 64: 3661 -367 Heruy J U. , D. 
XU M E Wilke, J. Deisenhofer, and RD. Gerard, 1994, CharaCenzanon of fte knob 

30 68: 5239-5246; Louis, N„ P. Fender, A. Barge, P Kim, and 3. Chrobo a* 994, 
bindingdomainsofmeadenovinrssero.ype2f.ber,.* Virology, 68: 4104-4,06 
W U K. Lonberg-Holm, and U. Person, ,968, Viru,recep«or mreracon m an 
" ^,2:1064.1075,. As was « obsen^^^a. 

CAR (Bergelson, 3.M., J.A. Cunningham, O. Drougett, E.A. Kun-Jonea, A. Ktrtavas, 

35 .S M.S. Horv* RX. Crowe,,, and R. W. Finberg, ,997, *£££T 

recepror for coxsackie B viruses and adenoviruses 2 and 5, toence 275. 1320-1323), 
coxsackievirus artachmen, to mCAR-transfecred CHO cells was mhrbned by 
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recombinant adenovirus knob domains (Figure 9), suggesting that murine CAR may also 
interact with adenoviruses. The efficiency of gene delivery to transfected cells using 
adenovirus 5 engineered to encode p-galactosidase [Ad.CMV-Pgal, (26)] (Figure 1 1) 
was measured. As determined by in situ staining with X-gal, expression of mCAR on 
5 transfected cells markedly enhanced adenovirus 5-mediated gene deliver. Similar results 
were obtained when CHO cells were transfected either with clone ml or m2. 
Adenoviruses 2 and 5 are known to complete for a singe fiber attachment site on human 
CAR (Bergelson, J.M., J.A. Cunningham, G. Drougett, E.A. Kurt- Jones, A. Kirthivas, 
J.S. Hong, M.S. Horwitz, R.L. Crowell, and R. W. Finberg, 1997, Isolation of a common 

10 receptor for coxsackie B viruses and adenoviruses 2 and 5, Science, 275: 1320-1323; 
Defer, C, M.T. Belin, M.L. Caillet-Boudin, and P. Boulanger, 1990, Human 
adenovirus-host cell interactions: comparitive study with members of subgroups B and 
C, J. Virology, 64: 3661-3673; Philipson, L., K. Lonberg-Holm, and U. Petterson, 1968, 
Virus-receptor interaction in an adenovirus system, J. Virology, 2: 1064-1075). 

1 5 Consistent with this, delivery of the p-galactosidase gene to CHO-mCAR cells was 

inhibited by adenovirus 2 fibers (Figure 10). These results indicate that mCAR, like the 
human protein, mediates fiber-dependent adenovirus interactions with adenoviruses 2 
and 5. 

These results demonstrate that mCAR, like the human receptor for 
20 coxsackieviruses and adenoviruses, mediates interactions with two genetically and 
structurally distinct viral pathogens. When transfected with mCAR cDNA, 
nonpermissive CHO cells became susceptible to infection by coxsackieviruses B3 and 
B4, and showed increased susceptibility to adenovirus-mediated gene delivery. 
Furthermore, specific antibody staining of mCAR-transfected cells indicated that mCAR 
25 protein is the 46 kD coxsackievirus binding protein previously demonstrated in newborn 
mouse brain (Xu, R., J.G. Mohanty, and R.L. Crowell, 1995, Receptor proteins on 
newborn Balb/c mouse brain cells for coxsackievirus B3 are immunologically distinct 
from those on HeLa cells, Virus Research, 35: 323-340). 

Similar results were obtained when CHO cells were transfected with either of 
30 two mCAR cDNA clones, encoding proteins with divergent C-termini. It thus appears 
that the 26 C-terminal amino acids of clone ml, which are nearly identical to human 
CAR, are not essential for mCAR's receptor function. Using specific primers in RT- 
PCR, RNAs corresponding to both clones ml and m2 in a variety of murine tissues 
(unpublished results) were detected. 
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RNAfl adults murine and human tissues (Figure 12). Hybridiza.cn wth a 6. 51* 
„ic^^ C prved Strongest expression of human CAR mKINA was 

; e r a „d lung on ft. orig.na, an.oradiog.aph. Marine CAR mRNA was mostly 
"pis ad in 1,= murine Hver, and relatively high levels of RNA express^ we* also 
II baa* lung, and kidney. These resuhs suggest dra. rhe pattent of nssue- 

CAR « -ion inhuman* may differ from .he pattern o express*. ,n , m,ce. 
in a survey of human .issues, CAR mRNA was mos, highly expressed ,n the . 
bea«, brain, and pancreas, consent with ,he parrer of illness caused by coxsackieB 
^es^lnicK J L 1996, Polioviruses, coxsackieviruses, achoviruses, and newe 
vlnKeS MalmcM-L. 9 pileds, D.M. Kjiipe and P.M. Howley (ed.). Virology, 

enteroviruses, p. 655-7U, m d. in. rnc , r 

3 ad. Lippincou-Raven, Philadelphia). In adul. mrcc, h,gh levels of mCAR RNA woo 
Leered in rhe hear, and live,, in whieh significant lesions are ev.den dunng CB3 
r Llnick JL 1996 Polioviruses, coxsackievirus, euhovnuses, and newer 

:r : r * ini ». * ™* o. M . **. and ^ ( -* 

Tupp— van, Philadelphia). Ahundan, mRNA was also prcsenrm^na 
kidney 1 tag, ahhough lesions in .base organs rue no. commonly reported ,n CB3 

toed mice Little CAR mRNA was detected in .he spleen, although two recent 
^"indicntad una, CB3 infects cells - predom,nan,ly B *" 
spin (Anderson, D.R, J.E. Wilson, CM. Carthy, D. Yang R. KandoK and Ml 
McManus, .996, Dlrac. interaction of coxsackievirus B3 w.m 
solenic compartment of mice susceptible or resistant to myocardffls, J. Vo-ohgy, 70. 

645 Klingel, K, S. Srephan, M. Sauter, R. Zen, B. McManus, B. Bote and 
R Kandolf 1996 Pathogansis of ntunne enterovirus myocaadifis: virus drssemmabon 
and immune cell targets, J. Virology, 70: 8888-8g95). 
, Human adenoviruses do no, replicate in mos. rodan, cells, ye. munnr , . well as 

human tissues (Davidson, B.L., E.D. Allen. K.F. Kozansky, J.M. Wilson, and B.J. 
ZZL. .993! A mode, system f„, in vivo gene unnsfer into ^ ~f 
using an adenoviral vector, Ware Generics, 3: 219-223; Mors,, MA E.L. M A. 
Bett F.L. Graham, and C.T. Caskey, 1993, Efficient ,danov, ra l-m e d.a K d on, *me 
5 uanicarbatnylaae expression in deficient mouse and human hepatoses X O,, 
,^,iga„on, 92: 1580-1586; Yang, Y„ F.A. Nunes, K. Berencsi.E. 
Engelhard., and 3.M. Wilson, .994, lnac.iva.ion of E2a in mcomb.naor adenovtrus 
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improves the prospect for gene therapy in cystic fibrosis, Nature Genetics, 7: 362-369), 
can be transduced with adenovirus vectors. Gene deliver may involve - in addition to 
the fiber receptor now identified as CAR - virus interaction with a v integrins (Goldman, 
M.J., and J.M. Wilson,1995, Expression of a cpP5 integrin is necessary for effiecient 
5 adenovirus-mediated gene tranfer in the human airway, 1 Virology, 69: 595 1-5958), 
which have been shown to facilitate virus entry (Wickham, TJ., P. Mathias, D.A. 
Cheresh, and G.R. Nemerow, 1993, Integrins <xv£3 and avp5 promote adenovirus 
internalization but not virus attachement, Cell, 73: 309-3 1 9). Adenoviruses may also 
enter cells by fiber-independent pathways (Huang, S., T. Kamata, Y. Yakada, Z.M. 

10 Ruggeri, and G.R. Nemerow, 1 996, Adenovirus interaction with distinct integrins 
mediates separate events in cell entry and gene delivery to hematopotic cells, J. 
Virology, 70: 4502-4508). However, efficient transduction has been shown to correlate 
with expression of the fiber receptor (Wickham, T.J., P.W. Roelvink, D.E. Brough, and 
I. Kovesde, 1996, Adenovirus targeted to heparan-containing receptiors increases it gene 

1 5 delivery efficiency to differenct cell types, Nature Biotechnology, 14: 1 570-1 573), and 
further definition of the receptor's tissue distribution will be important for efforts to 
target gene delivery to particular sites. Because murine models are used in preclinical 
studies of adenovirus-mediated gene deliver, it is important to consider that, as 
suggested by differences in mRN A expression, the CAR fiber receptor may be more 

20 highly expressed in certain murine tissues - including the liver and lung - than it is in 
human tissues. 

Pathogenicity in newborn mice was a characteristic originally used to distinguish 
coxsackieviruses from other human enteroviruses (Melnick, J.L., 1996, Polioviruses, 
coxsackieviruses, echoviruses, and newer enteroviruses, p. 655-712, In B. N. Fileds, 

25 D.M. Knipe and P.M. Howley (ed.), Virology, 3 ed. Lippincott-Raven, Philadelphia), 
and it is likely that coxsackievirus host range depends on virus interactions with human 
and murine CAR. Age-specific expression of a receptor protein - now identified as 
mCAR - in the brains of newborn mice (Xu, R., and R.L. Crowell, 1997, Expression and 
distribution of the receptors for coxsackievirus B3 during fetal development of the 

30 Balb/c mouse and of their brain cells in culture, Virus Research in press) has been 
related to the unique susceptibility of infant mice to CB3 encephalitis (Grodums, E.I., 
and G. Dempster, 1959, The age factor in experimental coxsackie B-3 infection, Can. 1 
Microbiol 5: 595-604; Grodums, E.I., and G. Dempster, 1961, Encphilitis in 
ecperimental coxsackie B-3 infection, Can. J. Microbiol, 7: 175-184), suggesting that 

35 mCAR may be an important determinant of virus tropism for the murine brain. 
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What is claimed is: 

h An isolated nucleic acid molecule comprising a nucleotide sequence 
encoding CAR or a biologically active portion thereof. 

5 2 An isolated nucleic acid molecule comprising a nucleotide sequence 

r o,ein or a nortion thereof, wherein the protein or portion thereof compnses 

SEQ Z NO:2 si Una. d. protein or porrion .hereof functions as . recepror for 
10 coxsackievirus or adenovirus. 

3 An isolated nucleic acid molecule comprising a nucleotide sequence 
encoding a full length human protein which is substantially homologous to the ammo 
acid sequence shown in SEQ ID NO:2. 
15 4 . An isolated nucleic acid molecule comprising the nucleotide sequence of 

SEQ ID NO:l. 

5. The isolated nucleic acid molecule of claim 4, comprising the coding 
20 region of the nucleotide sequence of SEQ ID NO:l. 

6 . An isolated nucleic acid molecule encoding the amino acid sequence of 
SEQ ID NO:2. 

7 . A vector comprising a nucleotide sequence encoding CAR. 
g. The vector of claim 7, which is a recombinant expression vector. 
9. A host cell containing the vector of claim 7. 



25 



30 



10 . A method for producing CAR comprising culturing the host cell of claim 
9 in a suitable medium until CAR is produced. 



11. An 



isolated CAR protein or biologically active portion thereof. 



" 12. An isolated protein or a portion thereof which comprises ar . amino acid 

, which is sufficiently homologous to an amino acid sequence of SEQ ID NO.2 



sequence 1 
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such that the protein or portion thereof functions as a receptor for coxsackievirus or 
adenovirus. 

13. An isolated protein comprising the amino acid sequence of SEQ ID NO:2 
5 or the amino acid sequence encoded by the nucleotide sequence of SEQ ID NO: 1 . 

14. A pharmaceutical composition comprising the protein of claim 13 and a 
pharmaceutical^ acceptable carrier. 

10 15, a method for modulating CAR expression comprising contacting the cell 

with an agent which modulates CAR protein activity or CAR nucleic acid expression 
such that a cell associated activity is altered relative to a cell associated activity of the 
cell in the absence of the agent 

15 16. A method for treating a subject having a disorder characterized by CAR 

protein activity or nucleic acid expression comprising administering to the subject a 
CAR modulator such that treatment of the subject occurs. 

17. The method of claim 16, wherein the disorder is a cardiac infection. 

20 

1 8. The method of claim 1 7, wherein the cardiac infection is myocarditis, 
pericarditis, or dilated cardiomyopathy. 

1 9. The method of 1 6, wherein the disorder is a pancreatic infection. 

25 

20. The method of 19, wherein the pancreatic infection is acute pancreatitis. 

21 . The method of 1 6, wherein the disorder is an infection of the respiratory 

tract. 

30 

22. The method of 1 6, wherein the disorder is an infection of the 
gastrointestinal tract. 

23. The method of 1 6, wherein the disorder is an infection of the central 
35 nervous system. 
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24 . The method of 23, wherein the infection of the central nervous system is 
a non-specific febrile illness or meningoencephalitis. 

25 . The method of 1 6, wherein the disorder is childhood onset diabetes 
5 mellitus. 

26 A method for detecting the preaenc. of CAR in a biological sample 
comprising contacting a biological samp.e w„h an agent capable of detecung CAR 
Join or mRNA such mat the presence of CAR is detected in the b.ologtca, sample. 

10 27 AkhforderectingthepreseneeofCARinabiologioalsample 

comprising a labeled or labelable agent capable of detecting CAR prorem or mRNA m a 
IZll sample; means for defining ft. amoun, of CAR in me sample; and menus 
for comparing me amoun. of CAR in me sample with a standard. 

15 
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Underlined ATG starts peptide sequence, which stops at 1154 (TCTATAGTA-tag) 

V 

TO TGCTOTQCTTan«nCCTOr« 

CIBAAG/^TWTrGAAAAAGCCAAASGGGAMCTCCCTATCTTOCGTGG^MTTTACGCTrAQTC 
CCGAAGACCAGGGACCGCTOGAGATOSACTGGCT^^^ 

AAGTGATTATTTTAT ATT CTG GAG ACA AAATTT ATG ATG ACT ACT ATC CAG ATCTGA AAG GCC GAG 

TAG ATTTTA CGA GTA ATG ATCTCA AAT CTG GTG ATG CAT CAATAA ATG TAA CGA ATT TAC AAC TGT 

CAGATATTGGCACATATCAGTGCAAAGTGAAAAAASCICCTGGTCTTG CAAATAAGAAGATTCATC 

TGGTAGTTCTTGmAGCCTTCAGCTGCGAGATGTTACGTTGATGGATCTO 

ACTTTA AGATAA AAT GTG AAC CAA AAG AAG GTT CAC TTC CAT TAC AGT ATG AGT GGC AAA AATTGT 

CTGACTCACAGAAAATGCCCACTTCATOTTAGCAGAAATGAC^ 

ATGCCTCTTCTGACTACTCIGGGAOVTACAGCTCTAC^TCAGM 

GCCTGTTGCGTCTAAACGTTGTCCCTCCnTCMATAAAGCTC 

GAACTITTGCTTGCTCTAGOGCTCATTG GTCTTATCATCTTrTGCTGTCGTAAAAAGCGCAGAGAAG 
AAAMTATGAMAGGAAGTTCATCACGATATCAGGGAAGATGT^ 
CCACTOCCAGAAGCTACATCGGCACTAATCATTCATCCC^ 
AAGGATATTCCAAGACTCACTATAACCAAGTACCMCTGAA^ 

CGACTCTCCCACCTG CTAAGGTAG CTG CCCCTAATCTMGTCGAATGGGTOa^TrCCTGTGATBA'' 



TTC CAG CAC AGA GGA AGG ATG G GT CT^TA^TA^flffi GCCTCC ATATGT CTC ATCTGTGCT CTC OGT 
GTT CCTTTC CTTTTTTTG ATATAT GAA AAC CTATTuTGG TUT AAATTG TGTTAGTAG CCT CAA AAT 
ACATCA AAA AAT AAG TTA ATC AGG AACTCTACGG/ A TAT ATTTTT AAA AATTTT TGTrTTG GTT ATA 
TCG AAATAGTTA CAG GCACTA AAGTTA GTA AAG M kAGTTrACCATCrGAAAAAGCTGGATTTTCT 
TTA AGA GGTTCATTATAA AGTTTT CTA AATTTA TCA GTA CCT AAG TAA GATGTAGCG CTTTGAATA 
TCAAATCATAGGTCAAGACATGGGTGA ACTTACTl GCATACCAAGTTG ATACTTGAATAACXttTCr 
GAAAGTGGTACTTGATCATTTTTACCATTATTTTT ^ GGATGTGTATTT CAT TTA TTT ATG GCC CAC 



FIGUPE 13 
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